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® Fe-Cr ALLOY EXCELLENT IN WORKABILITY. 

@ An Fe-Cr alloy having an excellent workability over a wide range of the Cr content (e.g. 3-60 wt.%) by 
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limiting the total content of C. N. O, P and S to 100 ppnn or less. Fe-Cr alloys with various characteristics can be 
obtained by adding various connbinations of the following element groups (1 to 4) to the Fe-Cr alloy of the basic 
composition; (1) a group consisting of Ni, Co and Cu with a total content of the elements in a specified range, 
contributing to an increase in acid resistance; (2) a group consisting of Al. Si and Mn and/or a group consisting 
of Ca, Mg and REM each with a total content of the elements in a specified range, contributing to an increase in 
oxidation resistance; (3) a group consisting of Ti. Nb. Zr. V, Ta. W and B with a total content of the elements in a 
specified range, contributing to an increase in high-temperature strength, and (4) a group consisting of Mo alone 
with a content thereof in a specified range, contributing to an increase in pitting resistance. 




o in o o o 



(%> NOtiV9N013 Nl aSVBHONI (gUiui/N) H10N3H±S 013\A NI 3SV3U03a 



2 



EP 0 597 129 A1 



INDUSTRIAL UTILITY FIELD 

The present invention relates to an Fe-Cr alloy having a significantly improved workability. 

The present invention also relates to an Fe-Cr alloy having an innproved workability as well as an 
5 excellent acid resistance. 

Furthermore, the present invention relates to an Fe-Cr alloy having an improved workability as well as 
an excellent oxidation resistance. 

Still further, the present invention relates to an Fe-Cr alloy having an improved workability as well as 
excellent acid resistance and oxidation resistance. 

w 

BACKGROUND ART 

Fe-Cr alloys are generally known to be materials of excellent corrosion resistance. Various improve- 
ments in the corrosion resistance, workability, and other physical properties have been proposed for such 
75 Fe-Cr alloys including the following proposals. 

Japanese Patent Publication No. 63-58904 proposes a ferritic stainless steel having a Cr content of from 
11.0 to 16.0% by weight, wherein Ti is added to a predetermined amount. This material has excellent 
bulging properties as well as secondary workability. 

Japanese Patent Publication No. 64-6264 proposes a bright annealed stainless steel plate having a Cr 
20 content of from 8.0 to 35.0% by weight, wherein Si, Mn and Nb are respectively added to a predetermined 
amount. This material has an excellent rust resistance. 

Japanese Patent Publication No. 2-1902 proposes an Fe-Cr alloy having a Cr content of more than 
20.0% by weight and up to 25% by weight, wherein Mo, Mn and Nb are respectively added to a 
predetermined amount. This material is a ferritic stainless steel having an excellent high-temperature 
25 cracking resistance upon welding as well as weld toughness. 

Japanese Patent Application Kokai No. 61-186451 proposes an Fe-Cr alloy having a Cr content of from 
25 to 50% by weight, wherein Si, Mn and Mo are respectively added to a predetermined amount. This 
material is an alloy having an excellent acid resistance. 

Japanese Patent Application Kokai No. 62-267450 proposes an Fe-Cr based alloy having a Cr content 
30 of from 16 to 19% by weight wherein Mo is added to a predetermined amount. This material is a high-purity 
ferritic stainless steel having an excellent intergranular corrosion resistance. 

Japanese Patent Application Kokai No. 1-287253 proposes an Fe-Cr-At alloy having a Cr content of 15 
to 26% by weight and an Al content of from 4 to 6% by weight, wherein a rare earth element is added to a 
predetermined amount. This material is an Al-containing ferritic stainless steel having an excellent oxidation 
35 resistance as well as production feasibility. 

Japanese Patent Application Kokai No. 2-232344 proposes an Fe-Cr based alloy having a Cr content of 
from 25.0 to 30.0% by weight, wherein Mo is added to a predetermined amount. This material is a ferritic 
stainless steel having an excellent resistance to adhesion of organisms as well as a high resistance to sea 
water corrosion. 

40 Japanese Patent Application Kokai No. 3-2355 proposes an Fe-Cr alloy having a Cr content of from 
16.0 to 25.0% by weight, wherein Nb is added to a predetermined amount determined in relation to the total 
content of C and N. This material is a ferritic stainless steel having excellent cold workability, toughness and 
corrosion resistance. 

45 SUMMARY OF THE INVENTION 

[A] Inventions of category A 

The Fe-Cr alloys as described above contain a relatively large amount of Cr since corrosion resistance 
50 was of prime importance in these alloys. As a result, these alloys occasionally suffered from poor ductility, 
and hence, insufficient workability. When such materials are used in such application as automobile exterior 
material or a building exterior material wherein the material should be press-worked, they suffer from such 
problems as cracking upon working, or an extreme difficulty in working due to strict working conditions. As 
set forth above, there is a strong demand for an improvement of such materials in their workability. 
55 In view of the above-described situation, an object of the present invention is to provide an Fe-Cr alloy 

which has an improved workability as well as sufficient acid resistance and oxidation resistance. 

In order to achieve the above-described object, the inventors of the present invention have made an 
extensive study and surprisingly found that an Fe-Cr alloy wherein the contents of impurities including C. N, 
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O. P and S, which had been present in conventional Fe-Cr alloys, are reduced to an extremely low level 
would have a nnarkedly superior ductility. The present invention is based on such a finding 

According to the present invention, there is provided a novel Fe-Cr alloy having an excellent workability 
characterized m that the alloy compnses 3 to 60% by weight of Cr; and 100 ppm or less in total content of 
IN, u, P and S; the balance being Fe and inevitable impurities. 

According to the present invention, there is also provided an Fe-Cr alloy having excellent workability 
and acid resistance characterized in that the alloy comprises 5 to 60% by weight of Cr; 100 ppm or less in 
total content of C, N. 0, P and S; and at least one member selected from Ni, Co and Cu at a content that 
meets the following relation (1): 

0.01 wt % £ Ni + Co + 2Cu ^ 6 wt% (1); 

the balance being Fe and inevitable impurities. 

According to the present invention, there is also provided an Fe-Cr alloy having excellent workability 
and oxidation resistance characterized in that the alloy comprises 3 to 60% by weight of Cr- 100 ppm or 
ess .n total content of C. N, O, P and S; and at least one member selected from Si. Mn and Al at a content 
that meets the following relation (2): 

0.1 wt% i 3AI + 2Si + Mn i 50 wt% (2). 

arid/or at least one member selected from Ca. Mg and rare earth metals (REM) at a content that meets the 
following relation (3): 

0.001 wt% £ 4Ca + 4Mg + REM ^ 0.2 wt% (3); 



the balance being Fe and inevitable impurities. 

According to the present invention, there is also provided an Fe-Cr alloy having excellent workability 
acid resistance, and oxidation resistance charactenzed in that the alloy compnses 5 to 60% by weight of Cr* 
100 ppm or less in total content of C. N. O, P and S; at least one member selected from Ni. Co and Cu at a 
30 content that meets the following relation (1): 

0.01 wt % i Ni + Co + 2Cu £ 6 wt% (1); 

and at least one member selected from Si. Mn and Al at a content that meets the following relation (2): 
0.1 wt% < 3AI + 2Si + Mn 5 50 wt% (2), 

arid/or at least one member selected from Ca, Mg and rare earth metals (REM) at a content that meets the 
following relation (3): 

40 

0.001 wt% % 4Ca + 4Mg + REM ^ 0.2 wt% (3); 
the balance being Fe and inevitable impurities. 
45 [B] Inventions of category B 

The Fe-Cr alloys as described above contain a relatively large amount of Cr since corrosion resistance 
IS of prime importance in these alloys. As a result, these alloys may occasionally suffer from poor ductility 
and hence, insufficient workability to render working of the alloy matenal into the shape required by the 
50 specific application difficult, or in some cases, impossible. For example, when such materials are worked 
into a pipe and used in pipeworking after bending, the pipe often undergo such troubles as breaking upon 
bending. As set forth above, there is a strong demand for an improvement of such materials in their 
workability. 

Furthermore, high-temperature strength of such materials is yet insufficient for such applications as 
55 automobile exhaust gas pipes wherein the matenal is exposed to a high temperature. Accordingly there is 
also a deniand for a further improvement in high-temperature strength and high-temperature fatigue 
propert.es. Still further, ac.d resistance of such materials was insufficient to use the materials for plants ,n 
Chemical industries, and an improvement in such a property was also required. 
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In view of the above-described situation, an object of the present invention is to provide an Fe-Cr alloy 
which has an innproved workability as well as an excellent high-temperature strength. 

Another object of the present invention is to provide an Fe-Cr alloy which has sufficient acid resistance 
and/or oxidation resistance in addition to the improved workability and high-temperature resistance. 
5 In order to achieve the above-described objects, the inventors of the present invention have made an 

extensive study and surprisingly found that an Fe-Cr alloy wherein the contents of impurities including C. N, 
O, P and S, which had been present in conventional Fe-Cr alloys, are reduced to an extremely low level 
would have a markedly superior ductility. Furthermore, the inventors of the present invention found that 
high-temperature strength of the resulting product may be significantly improved by adding a predeter- 
10 mined amount of at least one member selected from Ti, Nb, Zr. V, Ta. W and B to the above-mentioned 
Fe-Cr alloy of a reduced impurity content. The present invention has been achieved on the basis of such 
findings. 

According to the present invention, there is provided an Fe-Cr alloy having excellent workability and 
high-temperature strength characterized in that the alloy comprises 3 to 60% by weight of Cr; 100 ppm or 
75 less in total content of C, N, O, P and S; and at least one member selected from Ti, Nb, Zr, V, Ta, W and B 
at a content that meets the following relation (1): 

0.01 wt % 5 Ti -t- Nb + Zr + V + Ta + W + 506 £ 6 wt% (1); 

20 the balance being Fe and inevitable impurities. 

According to the present invention, there is also provided an Fe-Cr alloy having excellent workability, 
high-temperature strength, and acid resistance characterized in that the alloy comprises 5 to 60% by weight 
of Cr; 100 ppm or less in total content of C, N, O, P and S; at least one member selected from Ti. Nb, Zr, 
V, Ta, W and B at a content that meets the following relation (1): 

25 

0.01 wt % S Ti + Nb + Zr + V + Ta + W + 508 ^ 6 wt% (1); 

and at least one member selected from Ni, Co and Cu at a content that meets the following relation (2): 

30 0.01 wt % S Ni + Co + 2Cu £ 6 wt% (2); 

the balance being Fe and inevitable impurities. 

According to the present invention, there is also provided an Fe-Cr alloy having excellent workability, 
high-temperature strength, and oxidation resistance characterized in that the alloy comprises 3 to 60% by 
35 weight of Cr; 100 ppm or less in total content of C. N, O, P and S; at least one member selected from Ti, 
Nb, Zr. V, Ta, W and B at a content that meets the following relation (1): 

0.01 wt % S Ti + Nb + Zr + V + Ta + W + 50B £ 6 wt% (1); 

40 and at least one member selected from Al, Si and Mn at a content that meets the following relation (3): 

0.1 wt% £ 3AI + 2Si + Mn £ 50 wt% (3), 

and/or at least one member selected from Ca, Mg and rare earth metals (REM) at a content that meets the 
45 following relation (4); 

0.001 wt% S 4Ca 4Mg + REM £ 0.2 wt% (4); 

the balance being Fe and inevitable impurities. 
50 According to the present invention, there is also provided an Fe-Cr alloy having excellent workability, 
high-temperature strength, acid resistance, and oxidation resistance characterized in that the alloy com- 
prises 5 to 60% by weight of Cr; 100 ppm or less in total content of C, N, O, P and S; at least one member 
selected from Ti. Nb. Zr, V, Ta. W and B at a content that meets the following relation (1): 

55 0,01 wt % ^ Ti + Nb + Zr + V + Ta + W + SOB £ 6 wt% (1); 

at least one member selected from Ni, Co and Cu at a content that meets the following relation (2): 
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0.01 wt % ^ Ni + Co + 2Cu 5 6 wt% (2); 

and at least one menaber selected fronn Al, Si and Mn at a content that meets the following relation (3): 
5 0.1 wt% ^ 3AI + 2Si + Mn ^ 50 wt% (3). 

and/or at least one nnennber selected fronn Ca. Mg and rare earth nnetals (REM) at a content that meets the 
following relation (4): 

TO 0.001 wt% ^ 4Ca + 4Mg + REM ^ 0.2 wt% (4); 

the balance being Fe and inevitable impurities. 

[C] Inventions of category C 

75 

The Fe-Cr alloys as described above contain a relatively large amount of Cr since corrosion resistance 
is of prime importance in these alloys. As a result, these alloys occasionally suffer from poor ductility, and 
hence, insufficient workability. When such materials are used tn such application as automobile exterior 
material or a building exterior material wherein the material is required to have a sufficient workability, they 
20 may suffer from such problems as cracking upon working, or an extreme difficulty in working due to' strict 
working conditions. As set forth above, there is. a strong demand for an improvement of such materials in 
their workability. 

Furthermore, the corrosion resistance of such materials is yet insufficient for such applications as 
automobile exterior materials or building exterior materials wherein pitting resistance is required, and 
25 structural materials for chemical plants wherein acid resistance is additionally required. 

Still further, such materials are still insufficient in their strength and oxidation resistance at a high 
temperature to use the materials for such applications as automobile exhaust gas pipes wherein the material 
is exposed to a high temperature. Accordingly, there is also a demand for a further improvement in such 
properties. 

JO In view of the above-described situation, main object of the present invention is to provide an Fe-Cr 
alloy which has an improved workability as well as a sufficient pitting resistance. 

Another object of the present invention is to provide an Fe-Cr alloy which has an improved acid 
resistance In addition to the above-mentioned improved properties. 

A further object of the present invention is to provide an Fe-Cr alloy which has an improved oxidation 
15 resistance in addition to the improved workability and acid resistance. 

In order to achieve the above-described objects, the inventors of the present invention have made an 
extensive study and surprisingly found that an Fe-Cr alloy wherein the contents of impurities including C, N, 
O, P and S. which had been present in conventional Fe-Cr alloys, are reduced to an extremely low level 
would have a markedly superior ductility in addition to a sufficient corrosion resistance. 

0 Furthermore, the inventors of the present invention found that pitting resistance of the resulting product 
may be significantly improved by adding a predetermined amount of Mo to the above-mentioned Fe-Cr 
alloy of a reduced impurity content, and that acid resistance of the resulting product may be significantly 
improved by further addition of at least one member selected from Ni, Co and Cu in a predetermined 
amount. 

5 Still further, the inventors of the present invention found that oxidation resistance of the resulting 
product may be significantly improved by further addition of a predetermined amount of at least one 
member selected from Al. Si and Mn and/or a predetermined amount of at least one member selected from 
Ca. Mg and REM. The present invention has been completed on the basis of such finding. 

According to the present invention, there is provided an Fe-Cr alloy having excellent workability and 

5 pitting resistance characterized in that the alloy comprises 5 to 60% by weight of Cr; 100 ppm or less in 
total content of C. N, O. P and S; and 0.5 to 20% by weight of Mo; the balance being Fe and inevitable 
impurities. 

According to the present invention, there is also provided an Fe-Cr alloy having excellent workability, 
pitting resistance, and acid resistance characterized in that the alloy comprises 5 to 60% by weight of Cr' 

1 100 ppm or less in total content of C, N, O, P and S: 0 5 to 20% by weight of Mo; and at least one member 
selected from Ni. Cu and Co at a content that meets the following relation (1); 

0,01 wt % S Ni + Co + 2Cu S 6 wt% (1); 
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the balance being Fe and inevitable impurities. 

According to the present invention, there is also provided an Fe-Cr alloy having excellent workability, 
pitting resistance, and oxidation resistance characterized in that the alloy comprises 5 to 60% by weight of 
5 Cr; 100 ppm or less in total content of C. N, O. P and S; 0.5 to 20% by weight of Mo; and at least one 
member selected from A!, Si and Mn at a content that meets the following relation (2): 

0.1 wt% ^ 3AI + 2Si + Mn ^ 50 wt% (2), 

10 and/or at least one member selected from Ca, Mg and rare earth metals (REM) at a content that meets the 
following relation (3): 

0.001 wt% S 4Ca + 4Mg + REM S 0.2 wt% (3); 

15 the balance being Fe and inevitable impurities. 

According to the present invention, there is also provided an Fe-Cr alloy having excellent workability, 
pitting resistance, acid resistance, and oxidation resistance characterized in that the alloy comprises 5 to 
60% by weight of Cr; 100 ppm or less in total content of C, N, O, P and S; 0.5 to 20% by weight of Mo; at 
least one member selected from Ni, Cu and Co at a content that meets the following relation (1): 

20 

0.01 wt % £ Ni + Co + 2Cu £ 6 wt% (1); 

and at least one member selected from Al, Si and Mn at a content that meets the following relation (2): 

25 0.1 wt% ^ 3AI + 2Si + Mn ^ 50 wt% (2), 

and/or at least one member selected from Ca, Mg and rare earth metals (REM) at a content that meets the 
following relation (3): 

30 0.001 wt% ^ 4Ca + 4Mg + REM ^ 0.2 wt% (3); 

the balance being Fe and inevitable impurities. 

[D] Inventions of category D 

35 

The Fe-Cr alloys as described above contain a relatively large amount of Cr since corrosion resistance 
is of prime importance in these alloys. As a result, these alloys may occasionally suffer from poor ductility, 
and hence, insufficient workability. When such materials are used in such application as a basin compart- 
ment of a home kitchen sink, a building exterior material or an automobile exterior material wherein the 

40 material is required to have a sufficient workability, they may suffer from such problems as cracking upon 
working, or an extreme difficulty in working when strict working conditions are required. As set forth above, 
there is a strong demand for an improvement of such materials in their workability. 

Furthermore, the corrosion resistance of such materials is yet insufficient for such applications as can 
body of a water heater and automobile muffler wherein pitting resistance and weld zone-corrosion 

45 resistance (intergranular corrosion resistance) are required, and chemical plants wherein acid resistance is 
additionally required. 

In view of the above-described situation, first object of the present invention is to provide an Fe-Cr alloy 
which has an improved workability as well as sufficient pitting resistance and weld-zone corrosion 
resistance. 

60 Second object of the present invention is to provide an Fe-Cr alloy which has an improved acid 
resistance and/or oxidation resistance In addition to the above-mentioned improved properties. 

In order to achieve the above-described objects, the inventors of the present invention have made an 
extensive study and surprisingly found that an Fe-Cr alloy wherein the contents of impurities including C, N, 
O. P and S, which had been present in conventional Fe-Cr alloys, are reduced to an extremely low level 
55 would have a markedly superior ductility in addition to a sufficient corrosion resistance. 

Furthermore, the inventors of the present invention found that pitting resistance of the resulting product 
may be significantly improved by adding a predetermined amount of Mo to the above-mentioned Fe-Cr 
alloy of a reduced impurity content, and that weld zone-corrosion resistance (intergranular corrosion 
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resistance) may be significantly innproved by further addition of at least one member selected from Ti, Nb, 
Zr, V, Ta, W and B in a predetermined amount. 

Still further, the inventors of the present invention found that acid resistance of the resulting product 
may be significantly improved by further addition of at least one member selected from Ni, Co and Cu in a 
predetermined amount. The inventors of the present invention also found that oxidation resistance of the 
resulting product may be significantly improved by further addition of a predetermined amount of at least 
one member selected from Si, Mn and Al and/or a predetermined amount of at least one member selected 
from Ca, Mg and REM. The present invention is based on such a series of findings. 

According to the present invention, there is provided an Fe-Cr alloy having excellent workability, pitting 
resistance, and weld corrosion resistance characterized in that the alloy comprises 5 to 60% by weight of 
Cr; 100 ppm or less in total content of C, N. O. P and S; 0.5 to 20% by weight of Mo; and at least one 
member selected from Ti, Nb. Zr, V, Ta, W and B at a content that meets the following relation (1): 

0.01 wt % £ Tt + Nb + Zr + V + Ta + W + 508 S 1.0 wt% (1); 

the balance being Fe and inevitable impurities. 

According to the present invention, there is also provided an Fe-Cr alloy having excellent workability, 
pitting resistance, weld corrosion resistance, and acid resistance characterized in that the alloy comprises 5 
to 60% by weight of Cr; 100 ppm or less in total content of C. N. O, P and S; 0.5 to 20% by weight of Mo: 
at least one member selected from Ti, Nb, Zr, V, Ta, W and B at a content that meets the following relation 
(1): 

0.01 wt % £ Ti + Nb + Zr + V + Ta + W + 508 ^ 1.0 wt% (1); 

and at least one member selected from Ni, Cu and Co at a content that meets the following relation (2): 

0.01 wt % < Ni + Co + 2Cu S 6 wt% (2); 

the balance being Fe and inevitable impurities. 

According to the present invention, there is also provided an Fe-Cr alloy having excellent workability, 
pitting resistance, weld corrosion resistance, and oxidation resistance characterized in that the alloy 
comprises 5 to 60% by weight of Cr; 100 ppm or less in total content of C, N. O, P and S; 0.5 to 20% by 
weight of Mo; at least one member selected from Ti, Nb, Zr, V. Ta, W and B at a content that meets the 
following relation (1): 

0.01 wt % < Ti + Nb + Zr + V + Ta + W + 508 £ 1.0 wt% (1); 

and at least one member selected from Si, Mn and Al at a content that meets the following relation (3): 
0.1 wt% ^ 3AI + 2Si + Mn 5 50 wt% (3), 

and/or at least one member selected from Ca, Mg and rare earth metals (REM) at a content that meets the 
following relation (4): 

0.001 wt% ^ 4Ca + 4Mg + REM S 0.2 wt% (4); 

the balance being Fe and inevitable impurities. 

According to the present invention, there is also provided an Fe-Cr alloy having excellent workability, 
pitting resistance, weld corrosion resistance, and oxidation resistance characterized in that the alloy 
comprises 5 to 60% by weight of Cr; 100 ppm or less in total content of C, N, O, P and S; 0.5 to 20% by 
weight of Mo; at least one member selected from Ti, Nb, Zr, V, Ta, W and B at a content that meets the 
following relation (1): 

0.01 wt % ^ TI + Nb + Zr + V + Ta + W + 508 <; 1.0 wt% (1); 

at least one member selected from Ni, Cu and Co at a content that meets the following relation (2): 
0.01 wt % S Ni + Co + 2Cu 5 6 wt% (2); 
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and at least one member selected from Si, Mn and Al at a content that meets the following relation (3): 
0.1 wt% i 3AI + 2Si + Mn i 50 wt% (3), 

and/or at least one member selected from Ca, Mg and rare earth metals (REM) at a content that meets the 
following relation (4): 

0.001 wt% £ 4Ca + 4Mg + REM £ 0.2 wt% (4); 

the balance being Fe and inevitable impurities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 diagrammatically illustrates tensile properties in relation to the total content of C, N, O, P and S. 
FIG. 2 diagrammatically illustrates corrosion rate in relation to the total content of C, N, O, P and S. 
FIG. 3 diagrammatically illustrates corrosion rate in relation to the Cr content. 
FIG. 4 diagrammatically illustrates corrosion rate in relation to (Ni + Co + 2Cu). 

FIG. 5 diagrammatically illustrates abnormally oxidized area in relation to the total content of C, N, O. P 
and S. 

FIG. 6 diagrammatically illustrates weight increase due to oxidation in relation to the Cr content. 
FIG. 7 diagrammatically illustrates abnormally oxidized area in relation to the value of (3AI + 2Si + 
Mn) (% by weight). 

FIG. 8 diagrammatically illustrates area of the oxide film that was peeled in relation to the value of (4Ca 
+ 4Mg + REM) {% by weight). 

FIG. 9 diagrammatically illustrates tensile properties in relation to the total content of C, N, O, P and S 
for a series of Fe-18% Cr alloys. 

FIG. 10 diagrammatically illustrates increase in high-temperature proof stress in relation to (Ti + Nb + 
Zr + V + Ta + W + SOB). 

FIG. 11 diagrammatically illustrates corrosion rate in relation to the total content of C, N, O, P and 8. 

FIG. 12 diagrammatically illustrates corrosion rate in relation to the Cr content. 

FIG. 13 diagrammatically illustrates corrosion rate in relation to (Ni + Co + 2Cu). 

FIG. 14 diagrammatically illustrates corrosion rate in relation to (Ti + Nb + 2r + V + Ta + W + 
SOB). 

FIG. 15 diagrammatically illustrates weight decrease in oxidation test in relation to the Cr content. 

FIG. 16 diagrammatically illustrates oxidation resistance in relation to (3AI + 2Si + Mn). 

FIG. 17 diagrammatically illustrates oxidation resistance in relation to (4Ca + 4Mg + REM). 

FIG. 18 diagrammatically illustrates tensile properties in relation to the total content of C, N, O, P and S. 

FIG. 19 diagrammatically illustrates pitting potential in relation to the Mo content. 

FIG. 20 diagrammatically illustrates acid resistance in relation to (Ni + Co + 2Cu) in % by weight. 

FIG. 21 diagrammatically illustrates oxidation resistance in relation to (3AI + 2Si + Mn). 

FIG. 22 diagrammatically illustrates oxidation resistance in relation to (4Ca + 4Mg + REM). 

FIG. 23 diagrammatically illustrates tensile properties in relation to the total content of C. N, O, P and S. 

FIG. 24 diagrammatically illustrates pitting potential in relation to the Mo content. 

FIG. 25 diagrammatically illustrates intergranular corrosion resistance in relation to (Ti + Nb + Zr + V 
+ Ta + W + 50 X B) in % by weight. 

FIG. 26 diagrammatically illustrates acid resistance in relation to (Ni + Co + 2Cu) in % by weight. 
FIG. 27 diagrammatically illustrates oxidation resistance in relation to (3AI + 2Si + Mn). 
FIG. 28 diagrammatically illustrates oxidation resistance in relation to (4Ca + 4Mg + REM). 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention comprises four categories of inventions as described below. Description will be 
given in accordance with the order of the categories. The description is also given in accordance with the 
order of the categories in the sections of "Summary of the invention", "Examples", and "Industrial Utility". 
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[Inventions of Category A] 

The inventions of this category claim priority on Japanese Patent Application Nos. 4-111014, 4-117358. 
and 4-128751; and correspond to claims 1 to 4, and FIGS. 1 to 8. 

[Inventions of Category B] 

The inventions of this category claim priority on Japanese Patent Application Nos. 4-128751, 4-141653, 
and 4-141655; and correspond to claims 5 to 8. and FIGS. 9 to 17. 

[Inventions of Category C] 

The inventions of this category claim priority on Japanese Patent Application Nos. 4-111430, and 4- 
141656; and correspond to claims 9 to 12, and FIGS. 18 to 22. 

[Inventions of Category D] 

The inventions of this category claim priority on Japanese Patent Application No. 4-112522; and 
correspond to claims 13 to 16, and FIGS. 23 to 28. 

[A] Inventions of Category A 

The present invention is hereinafter deschbed in further detail. 

(1) The Fe-Cr alloy of the present invention which has an improved workability is described below. 

FIG. 1 diagrammatically shows increase in elongation and decrease in proof stress (yield strength) 
evaluated by tensile test (JIS Z-2241) in relation to the total content of C, N. O. P and S for a series of 
annealed cold rolled Fe-18% Cr alloy plates. As apparent from FIG. 1. the alloy plate would have a 
significantly superior ductility when the total content of C, N, O. P and S is 100 ppm or less. 

In FIG. 1, increase in elongation (%) and decrease in proof stress (yield strength) (N/mm^) indicate 
difference in respective tensile properties from the alloy having the (C + N + O + S + P) of 500 ppm. 
The tensile properties used for such calculation are: 

Fe - 18% Cr; C + N + O + S + P = 500 ppm 

elongation: 30% 

proof stress: 330 N/mm^ 

Fe - 30% Cr;C + N + 0 + S + P = 500 ppm 

elongation: 25% 

proof stress: 450 N/mm^ 

The Fe-Cr alloy of the present invention contains C, N. O, P and S in a total content of 100 ppm or 
less. As described above, the alloy plate has a significantly improved ductility, and hence, workability when 
the total content of C, N, 0, P and S is 100 ppm or less. On the other hand, the alloy plate will have a 
reduced ductility, and hence, a reduced workability as the total content of C. N, O, P and S exceeds 100 
ppm. 

Furthermore, the Fe-Cr alloy of the present invention has a Cr content of from 3 to 60% by weight, and 
preferably, from 5 to 30% by weight. The Cr content of less than 3% by weight will result in a poor 
corrosion resistance, while the Cr content in excess of 60% by weight will result in an insufficient workability 
even when the content of C, N, O, P and S is reduced. 

In other words, an Fe-Cr alloy having a total content of C, N, O, P and 8 of up to ^00 ppm and a Cr 
content of from 3 to 60% by weight would have a significantly improved workability as well as a sufficient 
corrosion resistance. 

The alloy of the present invention may also have such an additional element as Al, Mo, Nb. B, Si, Mn, 
Cu, Ni, Co, or Ca added thereto. 

In the production of the Fe-Cr alloy of the present invention, a high-punty electrolytic iron and a high- 
purity electrolytic chromium may be employed as the starting materials. The optionally added element is 
also added in its high purity form. The primary impurity is oxygen regardless of the type of the starting 
material, and therefore, in the production of the Fe-Cr alloy of the present invention, melting and casting are 
carried out under an ultra-high vacuum of 10"'^ torr or less. 
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The alloy of the present invention will exert its merits whether the product is an annealed hot rolled 
plate or an annealed cold rolled plate, and in addition, whether the surface finishing of the annealed cold 
rolled plate is BA. 2B. 2D. HL or ground finish. 

(II) The Fe-Cr alloy of the present invention which has an innproved workability as well as an excellent acid 
resistance is described below. 

FIG. 2 diagrammatically shows corrosion rate in relation to the total content of C, N, O, P and S for a 
series of alloy plates comprising Fe - 36% Cr - 3.2% Co. As apparent from FIG. 2. the alloy plate would 
exhibit a significantly low degree of corrosion when the total content of C. N. O. P and S is 100 ppm or less. 

FIG. 3 diagrammatically shows corrosion rate in relation to Cr content for two series of alloy plates 
comprising Fe-Cr - 1.6% Ni - 1.4% Co respectively having a total content of C, N, O, P and S of 100 ppm 
or less and in excess of 100 ppm. As apparent from FIG. 3, the corrosion rate is significantly low in the 
alloys having the total content of C. N, O, P and S of 100 ppm or less compared to the alloys having the 
total content of C, N, O, P and S in excess of 100 ppm, and such difference in the corrosion resistance is 
even more significant when the Cr content is 5% by weight or more. 

FIG. 4 diagrammatically shows corrosion rate in relation to (Ni + Co + 2Cu) for a series of alloy plates 
comprising Fe - 38% Cr having the total content of C, N, O, P and S of 62 ppm. As apparent from FIG. 4, 
the corrosion rate would rapidly decrease when the (Ni + Co + 2Cu) value reaches 0.01% by weight. 

The components constituting the alloy of the present invention is hereinafter described in detail. 

Cr: Cr content is limited to the range of from 5 to 60% by weight, and preferably, from 10 to 40% by 
weight. As described above, the alloy having the Cr content within such a range would exhibit a sufficient 
acid resistance. Addition of an excessive amount of the Cr would result in poor workability. In addition, such 
an excessive addition of the Cr would not contribute to further improvement in the acid resistance. 

C, N, O, P and S: These elements are contained in total content of 100 ppm or less, and preferably in 
the total content of 85 ppm or less. As described above, the alloy plate would exhibit an improved acid 
resistance as well as an excellent workability when the total content of C, N, O, P and S is 100 ppm or less 
and other conditions are also satisfied. 

Cu, Ni, Co: All of these elements are effective and essential for improving the acid resistance of the 
alloy. The alloy of the present invention contains at least one member selected from these elements in an 
amount that meets the following relation: 

0.01 wt % i Ni + Co + 2Cu ^ 6 wt% (1). 

and preferably, in an amount that meets the following relation: 

0.05 wt % ^ Ni + Co + 2Cu i 5.0 wt% (1a). 

A content of Ni, Co and Cu less than the above-defined range would result in an insufficient corrosion 
resistance, and a content in excess of the above-defined range would result in a reduced production 
efficiency of the alloy. 

Preferred content for each of the Ni, Co and Cu are as described betow in view of the above-described 
reasons. 

Ni: 0.05 to 5.0% by weight 
Co: 0.05 to 5.0% by weight 
Cu; 0.05 to 2.5% by weight 

The Fe-Cr alloys satisfying the above-described conditions would have a significantly improved 
corrosion resistance in addition to an excellent workability. 

In the production of the Fe-Cr alloy of the present invention having an improved workability as well as 
an excellent acid resistance, an ultra high-purity electrolytic iron, an electrolytic Cr, an electrolytic Ni, an 
electrolytic Cu, an electrolytic Co, an iodide-processed Ti, an etectrolytically reduced Nb, a molten salt 
electrolytic Zr. a reduced V. an electrolytic Ta. an electrolytically reduced W, and a high purity ferroboron 
may be employed for the starting materials. 

The primary impurity is oxygen regardless of the type of the component, and therefore, melting and 
casting may be carried out under an ultra-high vacuum of 10~^ torr or less, and preferably, 10''' torr or less 
for the production of the Fe-Cr alloy of the present invention. 
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(III) The Fe-Cr alloy of the present invention which has an innproved workability as well as an excellent 
oxidation resistance is described below. 

FIG. 5 diagranrtmatically shows abnornnally oxidized area in a continuous oxidation test in relation to the 
5 total content of C, N, O, P and S for a series of alloys connprising Fe - 24% Cr - 0.01% REM (Y: 0.05%; La: 
0.03%; Ce: 0.02%). As apparent from FIG. 5, the abnornnally oxidized area would be very snnal! when the 
total content of C, N. O, P and S is 100 ppm or less. 

FIG. 6 diagramnnatically shows weight increase in an oxidation test in relation to Cr content for a series 
of Fe-Cr-AI alloys. As apparent fronn FIG. 6. the weight increase in the oxidation would significantly 
10 decrease when the Cr content is 3.0% by weight or more when the total content of C, N. O, P and S is 100 
ppm or less. 

FIG. 7 diagrammatically shows abnormally oxidized area in a continuous oxidation test in relation to the 
value of (3AI + 2Si + Mn) for a series of Fe - 28% Cr alloys having the total content of C. N. O, P and S of 
51 ppm. As apparent from FIG. 7. the abnormally oxidized area would significantly decrease when the (3AI 

75 + 2Si + Mn) value is 0.1% by weight or more. 

FIG. 8 diagrammatically shows percentage of the area of the oxide film that was peeled in a repeated- 
heating test in relation to the value of (4Ca + 4Mg + REM) for a series of Fe - 26% Cr alloys having the 
total content of C, N, O, P and S of 72 ppm. As apparent from FIG. 8, the oxide film-peeled area would 
significantly decrease when the (4Ca + 4Mg + REM) value is 0.001% by weight or less. 

20 The composition of the alloy according to this invention and aspects of the invention are described 
below. The Fe-Cr alloy of the present invention having an improved workability as well as an excellent 
oxidation resistance has three aspects as described below. 

(1) First Aspect of the Invention 

25 

Cr: Cr content is limited to the range of from 3 to 60% by weight, and preferably, from 10 to 40% by 
weight. When the Cr content is within such a range and other conditions are also satisfied, the resulting 
alloy would have a sufficient oxidation resistance. Addition of the Cr in excess of such an amount is likely to 
induce a decrease in workability, and would not contribute to further improvement in the oxidation 
30 resistance. 

C, N, O, P and S: These elements are contained in total content of 100 ppm or less, and preferably, 85 
ppm or less. Abnormal oxidation is avoided when such conditions are satisfied. Such conditions in 
association with other conditions would result in an alloy having an improved oxidation resistance as well as 
an excellent ductility, and hence, high workability. 
35 Si, Mn, Al: The alloy of the first aspect of the invention contains at least one such metal in an amount 

that meets the following relation (2): 

0.1 wt % S 3AI + 2Si + Mn S 50 wt% (2). 

40 and preferably, in an amount that meets the following relation (2a); 

0.5 wt % S 3AI + 2Si + Mn ^ 25 wt% (2a). 

When the content is within such a range and other conditions are also satisfied, the resulting alloy would 
45 have a significantly improved oxidation resistance. These elements should not be contained in an excess 
amount since the elements contained such that the (3AI + 2Si + Mn) value is in excess of the range of 
relation (2) would render the alloy production difficult. 

Preferably, the elements are respectively contained in the amounts as described below for the reasons 
as noted below. 
50 Si: 0.1 to 10.0% by weight 

Inclusion of less than 0.1% by weight is not significantly effective. Inclusion in excess of 10.0% by 
weight would result in a significantly decreased produceability. 
Mn: 0 1 to 5.0% by weight 
Inclusion of less than 0.1% by weight is not significantly effective Inclusion in excess of 5% by weight 
bb would result m a significantly decreased produceability. 
Al: 0.1 to 4.0% by weight 
Inclusion of less than 0.1% by weight is not significantly effective. Inclusion in excess of 4.0% by 
weight would result in a significantly decreased produceability. 
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An Fe-Cr alloy which meets the above-described conditions would have an improved oxidation 
resistance as well as excellent workability, and therefore, such an alloy may be adequately used for 
producing various components in automobile exhaust gas system or various pipes used under the 
conditions of repeated high temperature oxidation. 

5 

(2) Second Aspect of the Invention 

With regard to the Cr content, the content of C, N, O, P, and S. and the Fe content, what has been 
described for the alloy according to the first aspect of the invention applies to the alloy according to the 
10 second aspect of the invention. 

The alloy according to the second aspect of the invention comprises at least one member selected 
from Ca, Mg and rare earth metals (REM) in an amount that meets the following relation (3): 

0.001 wt % £ 4Ca + 4Mg + REf^ S 0.2 wt% (3), 

and preferably, in an amount that meets the following relation (3a): 

0.005 wt % £ 4Ca + 4Mg + REM 5 015 wt% (3a). 

20 When the content is within such a range and other conditions are also satisfied, the resulting alloy 
would have a sufficient oxidation resistance as well as an excellent workability. 

These elements are significantly effective in improving the protectability of the oxide film formed on the 
surface of the alloy according to the second aspect of the invention, and hence, in suppressing the 
abnormal oxidation which is likely to take place in an extremely thin material. The elements also improve 
25 adhesion of the oxide film to the underlying material. 

An excessive inclusion of these elements to an amount such that the (4Ca + 4Mg + REM) value is in 
excess of 0.2% by weight is undesirable since such an addition is likely to result in surface defects of the 
resulting alloy. 

Preferably, Ca, Mg and the rare earth metal are respectively contained in the amounts as described 
30 below for the reasons as noted below. 
Ca: 0.002 to 0.01% by weight 
Inclusion of less than 0.002% by weight is not significantly effective. Inclusion in excess of 0.01% by 
weight would result in a significantly decreased produceability. 
Mg: 0.002 to 0.01% by weight 
35 Inclusion of less than 0.002% by weight is not significantly effective. Inclusion in excess of 0.01% by 

weight would result in a significantly decreased produceability. 
Rare earth metal: 0.005 to 0.1% by weight 
Inclusion of less than 0.005% by weight is not significantly effective. Inclusion in excess of 0.1% by 
weight would result in a significantly decreased produceability. 
40 The alloy according to the second aspect of the invention may be used for applications similar to those 
of the alloy according to the first aspect of the invention. 

(3) Third Aspect of the Invention 

45 The alloy according to the third aspect of the invention comprises an alloy which meets the conditions 

for both the alloys according to the first and the second aspects of the invention, namely, an alloy having a 
Cr content of from 3 to 60% by weight; a total content of C, N, O, P and S of up to 100 ppm; a content of at 
least one member selected from Si, Mn and Al in the range that meets the above-mentioned relation (2); 
and a content of at least one member selected from Ca, Mg, and rare earth metals (REM) in the range that 

50 meets the above-mentioned relation (3). Such an alloy has an excellent workability as well as an oxidation 
resistance even superior to that of the alloy according to the first or the second aspect of the invention, and 
therefore, may be appropriately used for any of the above-mentioned applications. 

In the production of the Fe-Cr alloy of the present invention including the above-described three 
aspects, an ultra high-purity electrolytic iron, an electrolytic chromium, a zone melting-processed silicon, a 

55 molten salt-electrolytic manganese, a molten salt-electrolytic aluminum, a molten salt-electrolytic calcium, 
an electrolytically reduced magnesium, and an electrolytically reduced rare earth metal may be employed 
as the starting materials. The primary impurity is oxygen regardless of the type of the starting material, and 
therefore, melting and casting are earned out under an ultra-high vacuum of 10"^ torr or less for the 
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production of the Fe-Cr alloy of the present invention. 

(IV) The Fe-Cr alloy of the present invention which has an excellent acid resistance and oxidation resistance 
in addition to an improved workability is described below. 

The alloy of this invention comprises the alloy of particularly excellent acid resistance described in the 
above (II) having added thereto the components of the alloy of particularly improved oxidation resistance 
described in the above (III). In view of such situation, the alloy of this invention is hereinafter descnbed 
merely for its composition, and detailed description for each alloy component is omitted since it is the same 
as the one given in (II) and (111). 

As in the case of (III), this invention comprises three aspects. The content ofC + N + O + S + Pis 
up to 100 ppm, and the Cr content is from 5 to 60% by weight in all three aspects of the invention. The 
components which may vary are described below for each aspect. 

(1) First Aspect of the Invention 

The alloy contains at least one member selected from Ni, Co and Cu in an amount that meets the 
following relation (1): 

0.01 wt % £ Ni + Co + 2Cu i 6 wt% (1), 

and preferably, in an amount that meets the following relation: 

0.05 wt % £ Ni + Co + 2Cu ^ 5.0 wt% (1a). 

The alloy also contains at least one member selected from Si, Mn and A! in an amount that meets the 
following relation (2): 

0.1 wt% < 3 A! + 2Si + Mn i 50 wt% (2). 

and preferably, in an amount that meets the following relation: 

0.5 wt% S 3 A! + 2Si + Mn i 25 wt% (2a). 

(2) Second Aspect of the Invention 

The alloy contains at least one member selected from Ni, Co and Cu in an amount that meets the 
following relation (1): 

0.01 wt % £ Ni + Co + 2Cu S 6 wt% (1). 

and preferably, in an amount that meets the following relation: 

0.05 wt % 5 Ni + Co + 2Cu i 5.0 wt% (la). 

The alloy also contains at least one member selected from Ca, Mg and rare earth metals (REM) in an 
amount that meets the following relation (3): 

0.001 wt% £ 4Ca + 4Mg + REM ^ 0.2 wt% (3), 

and preferably, in an amount that meets the following relation: 

0.005 wt% S 4Ca + 4Mg + REM £ 0.15 wt% (3a). 

(3) Third Aspect of the Invention 

The alloy contains at least one member selected from Ni, Co and Cu in an amount that meets the 
following relation (1): 
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0.01 wt % £ Ni + Co + 2Cu ^ 6 wt% (1). 

and preferably, in an amount that meets the following relation; 

5 

0.05 wt % ^ Ni + Co + 2Cu £ 5.0 wt% (la). 

The alloy also contains at least one member selected from Si, Mn and Al in an amount that meets the 
following relation (2): 

10 

0.1 wt% S 3AI + 2Si + Mn 5 50 wt% (2). 
and preferably, in an amount that meets the following relation: 
75 0.5 wt% ^ 3AI + 2Si + Mn ^ 25 wt% (2a). 



The alloy also contains at least one member selected from Ca, Mg and rare earth metals (REM) in an 
amount that meets the following relation (3): 

20 

0.001 wt% ^ 4Ca + 4Mg + REM £ 0.2 wt% (3), 

and preferably, in an amount that meets the following relation: 

25 0.005 wt% g 4Ca + 4Mg + REM S 0.15 wt% (3a). 

The process for producing the alloy of this invention is the same as the above-described processes, 
and therefore, detailed description of the production process is omitted. 

30 [B] Inventions of Category B 

The present invention is hereinafter described in further detail. 

(t) The Fe-Cr alloy of the present Invention which has an improved workability as well as an excellent high 
35 temperature strength is described below. 

FIG. 9 diagrammatically shows results of tensile test at room temperature in relation to the total content 
of C, N, 0, P and S for a series of Fe-18% Cr alloy plates by using the results for a conventional alloy plate 
having a total content of C. N. O, P and S of about 500 ppm as a reference. As apparent from FIG. 9, the 
40 alloy plate would exhibit a significantly increased elongation as well as a significantly decreased yield 
strength to indicate a markedly improved ductility when the total content of C, N, 0, P and S is 100 ppm or 
less, as compared to the conventional alloy. In FIG. 9, increase in elongation {%) and decrease in proof 
stress (yield strength) (N/mm^) indicate difference in respective tensile properties from the alloy having the 
(C + N + O + S + P) of 500 ppm. 
45 The tensile properties used for such calculation are: 

Fe - 18% Cr;C + N + 0 + S + P = 500 ppm 

elongation: 30% 

proof stress: 330 N/mm^ 

Fe - 30% Cr; C + N + 0 + S + P = 500 ppm 
50 elongation: 25% 

proof stress; 450 N/mm^ 

FIG. 10 diagrammatically shows increase in high temperature proof stress (at 900 'C) in relation to the 
value of (Ti + Nb + Zr + V + Ta + W + 508). As apparent from FIG. 10, the high temperature strength 
would increase by 0.1 N/mm^ and the alloy material would have a significantly improved high temperature 
55 strength when the above-defined value reaches 0.01% by weight. 

The composition of the alloy according to this invention is hereinafter described in detail. 

Cr: Cr content is limited to the range of from 3 to 60% by weight, and preferably, from 5 to 45% by 
weight. When the Cr content is within such a range and other conditions are satisfied, the resulting alloy 
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plate would have a sufficient oxidation resistance. Addition of the Cr in excess of 60% by weight is 
undesirable in view of an increased cost. 

C, N, O, P and S: These elennents are contained in a total content of 100 ppm or less, and preferably, 
85 ppnn or less. When the content is limited to such a range, the resulting alloy would have an improved 
ductility, and hence, workability, and the resulting alloy would also have an improved oxidation resistance 
when the Cr content is within the above-defined range. When the content is in excess of 100 ppm. the 
resulting alloy would not have such improved properties. 

Ti, Nb. Zr, V, Ta, W and B: The alloy of the present invention contains at least one element selected 
from Ti, Nb. Zr, V. Ta, W and B in an amount that meets the following relation (1): 

0.01 wt % ^ Ti + Nb + Zr + V + Ta + W + 50 x B £ 6 wt% (1), 

and preferably, in an amount that meets the following relation (la): 

0.1 wt % £ Ti + Nb + Zr + V + Ta + W + 50 x B S 4 wt% (la). 

The alloy of the present invention containing such elements in an amount within the above-defined range 
has a significantly improved high temperature strength. However, an addition of such elements in excess of 
the range defined by (1) may lead to an increased brittleness although the high temperature strength would 
be maintained at the sufficient level. 

Preferably, the Ti. Nb, Zr. V, Ta, W and B may respectively have the following contents: 

Ti: Ti £ 5 (C% + N%) 

Nb: 0.01 to 1% by weight 

Zr: 0.01 to 1% by weight 

V: 0.02 to 1% by weight 

Ta: 0.01 to 1% by weight 

W: 0.03 to 1% by weight, and 

B: 0.0003 to 0.3% by weight. 

An alloy which meets the above-described conditions would have an improved workability as well as a 
sufficient high temperature strength, and therefore, would be adequate for such applications as an 
automobile exhaust gas pipe, wherein the alloy material made into a pipe should be subsequently bent. 

In the production of the above-described Fe-Cr alloy of (I) according to the present invention, an ultra 
high-purity electrolytic iron and an electrolytic Cr are employed for the starting materials. 

The primary impurity is oxygen regardless of the type of the starting material, and therefore, melting 
and casting may be carried out under such an ultra-high vacuum as 10"^ torr or less for the production of 
the Fe-Cr alloy of the present invention. 

(II) The Fe-Cr alloy of the present invention which has an improved workability as well as excellent high 
temperature strength and acid resistance is described below. 

FIG. 9 diagrammatically shows results of tensile test at room temperature in relation to the total content 
of C. N, O. P and S for a series of Fe-18% Cr alloy plates by using the results for a conventional alloy plate 
having a total content of C, N, O, P and S of about 500 ppm as a reference. As apparent from FIG. 9. the 
alloy plate would exhibit a significantly increased elongation as well as a significantly decreased yield 
strength to indicate a markedly improved ductility when the total content of C, N, O, P and S is 100 ppm or 
less, as compared to the conventional alloy. 

FIG. 10 diagrammatically shows increase in high temperature proof stress (at 900 'C) in relation to the 
value of (Ti + Nb + Zr + V + Ta + W + 50B). As apparent from FIG. 10, the high temperature proof 
stress would increase by 0.1 N/mm^ and the alloy material would have a significantly improved high 
temperature strength when the above-defined value reaches 0.01% by weight. 

FIG. 11 diagrammatically shows corrosion rate in relation to the total content of C, N, O, P and S for a 
series of alloy plates comprising Fe - 36% Cr - 3.2% Co. As apparent from FIG. 11, the alloy plate would 
exhibit a significantly low degree of corrosion when the total content of C, N. O, P and S is 100 ppm or less. 

FIG. 12 diagrammatically shows corrosion rate in relation to Cr content for two series of alloy plates 
comprising Fe-Cr - 1.6% Ni - 1.4% Co respectively having a total content of C, N. O. P and S of 100 ppm 
or less and in excess of 100 ppm. As apparent from FIG. 12, the corrosion rate is significantly low in the 
alloys having the total content of C, N, O. P and S of 100 ppm or less compared to the alloys having the 
total content of C, N, O. P and S in excess of 100 ppm, and such difference in the corrosion resistance is 
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even more significant when the Cr content is 5% by weight or more. 

FIG. 13 diagrammatically shows corrosion rate in relation to (Ni + Co + 2Cu) for a series of alloy 
plates comprising Fe - 38% Cr having the total content of C, N, O, P and S of 62 ppm. As apparent from 
FIG. 13, the corrosion rate would rapidly decrease when the (Ni + Co + 2Cu) value reaches 0.01% by 
weight. 

FIG. 14 diagrammatically shows corrosion rate in relation to the value of (Ti + Nb + Zr + Ta + V + 
W + 20B) (in % by weight) for a series of alloy plates comprising Fe - 46% Cr - 3.0% Co - 1.2% Cu 
having a total content of C, N, O, P and S of 64 ppm or less. As apparent from FIG. 14, corrosion rate 
would be significantly reduced when the above-defined value reaches 0.01%. 

The composition of the alloy according to this invention is hereinafter described in detail. 

Cr: Cr content is limited to the range of from 5 to 60% by weight, and preferably, from 10 to 40% by 
weight. As described above, the alloy having the Cr content within such a range would exhibit a sufficient 
acid resistance. Addition of an excessive amount of the Cr would result in poor workability. In addition, such 
an excessive addition of the Cr would not contribute to further improvement in the acid resistance. 

C. N, 0, P and S: These elements are contained in total content of 100 ppm or less, and preferably in 
the total content of 85 ppm or less. As described above, the alloy plate would exhibit an improved acid 
resistance as well as an excellent workability when the total content of C, N, O, P and S is 100 ppm or less 
and other conditions are also satisfied. 

Ti, Nb. Zr, V, Ta, W and B: The alloy of the present invention contains at least one element selected 
from Ti, Nb. Zr, V. Ta. W and B in an amount that meets the following relation (1): 

0.01 wt % £ Ti + Nb + Zr + V + Ta + W + 50 x B 5 6 wt% (1), 

and preferably, in an amount that meets the following relation (la): 

0.1 wt % g Ti + Nb + Zr + V + Ta + W + 50 x B g 4 wt% (la). 

The alloy of the present invention containing such elements in an amount within the above-defined range 
has a significantly improved high temperature strength. However, an addition of such elements in excess of 
the range defined by (1) may lead to an increased brittleness although the high temperature strength would 
be maintained at the sufficient level. 

Preferably, the Ti, Nb, Zr. V, Ta, W and B may respectively have the following contents: 

Ti: Ti £ 5 (C% + N%) 

Nb: 0.01 to 1% by weight 

Zr: 0.01 to 1% by weight 

V: 0.02 to 1% by weight 

Ta: 0.01 to 1% by weight 

W: 0.03 to 1 % by weight, and 

B: 0.0003 to 0.3% by weight. 

Cu, Ni, Co: All of these elements are effective and essential for improving the acid resistance of the 
alloy. The alloy of the present invention contain at least one member selected from these elements in an 
amount that meets the following relation: 

0.01 wt % £ Ni + Co + 2Cu S 6 wt% (2). 

and preferably, in an amount that meets the following relation: 

0.05 wt % £ Ni + Co + 2Cu £ 5.0 wt% (2a). 

A content of Ni, Co and Cu less than the above-defined range would result in an insufficient corrosion 
resistance, and a content in excess of the above-defined range would result in a reduced production 
efficiency of the alloy. 

Preferred content for each of the Ni, Co and Cu are as described below in view of the above-described 
reasons. 

Ni: 0.05 to 5.0% by weight 
Co: 0,05 to 5.0% by weight 
Cu: 0.05 to 2.5% by weight 

The Fe-Cr alloys satisfying the above-described conditions would have a significantly improved 
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corrosion resistance in addition to an excellent workability. 

In the production of the Fe-Cr alloy according to the present invention described in (II). an ultra high- 
purity electrolytic iron, an electrolytic Cr, an electrolytic Ni, an electrolytic Cu, an electrolytic Co, an iodide- 
processed Ti, an electrolytically reduced Nb. a molten salt electrolytic Zr, a reduced V, an electrolytic Ta. 
5 an electrolytically reduced W, and a high purity ferroboron nnay be employed for the starting materials. 

The primary Impurity is oxygen regardless of the type of the component, and therefore, melting and 
casting may be carried out under an ultra-high vacuum of 10"^ torr or less, and preferably, 10"^ torr or less 
for the production of the Fe-Cr alloy of the present invention. 

10 (III) The Fe-Cr alloy of the present invention which has an improved workability as well as excellent high 
temperature strength and oxidation resistance is described below. 

FIG. 9 diagrammatically shows results of tensile test at room temperature in relation to the total content 
of C, N, O, P and S for a series of Fe-18% Cr alloy plates by using the results for a conventional alloy plate 

75 having a total content of C. N, O, P and S of about 500 ppm as a reference. As apparent from FIG. 9, the 
alloy plate would exhibit a significantly increased elongation as well as a significantly decreased yield 
strength to indicate a markedly improved ductility when the total content of C, N, O, P and S is 100 ppm or 
less, as compared to the conventional alloy. 

FIG. 10 diagrammatically shows increase in high temperature proof stress (at 900 'C) in relation to the 

20 value of (Ti + Nb + Zr + V + Ta + W + SOB). As apparent from FIG. 10. the high temperature proof 
stress would increase by 0.1 N/mm^ and the alloy material would have a significantly improved high 
temperature strength when the above-defined value reaches 0.01% by weight. 

FIG. 15 diagrammatically shows results of oxidation resistance test (weight loss upon scale removal 
after exposure to air at 1,350 K for 12 hours) for two series of Fe-Cr alloy plates respectively having a total 

25 content of C. N, O, P and S of 100 ppm or less and 100 ppm or more. As apparent from FIG. 15, when the 
total content of C, N, O, P and S is reduced to 100 ppm or less, the alloy containing 3% or more of Cr 
would have an oxidation resistance equivalent to that of the the conventional steel having a Cr content of 
12% or more to reveal effectiveness of the increased puhty on the decrease in the Cr content, and hence, 
resources saving. 

30 FIG. 16 diagrammatically shows results of oxidation resistance test (weight loss upon scale removal 
after exposure to air at 1,350 K for 12 hours) for a series of Fe-(15-30)% Cr alloy plates. As apparent from 
FIG. 16. the alloy containing 0.1% or more of (3AI + 2SI + Mn) would have an improved oxidation 
reslstance. 

FIG. 17 diagrammatically shows results of oxidation resistance test (weight loss upon scale removal 
35 after exposure to air at 1,350 K for 12 hours) for a series of Fe-(15-30)% Cr alloy plates. As apparent from 
FIG. 17, the alloy containing 0.001% or more of (4Ca + 4Mg + REM) would have an improved oxidation 
resistance. 

The composition of the alloy according to this invention and aspects of the invention are described 
below. The Fe-Cr alloy of the present invention having an improved workability as well as excellent high 
40 temperature strength and oxidation resistance has three aspects as described below. 

(1) First Aspect of the Invention 

Cr: Cr content is limited to the range of from 3 to 60% by weight, and preferably, from 5 to 45% by 
45 weight. When the Cr content is within such a range and other conditions are satisfied, the resulting alloy 
plate would have a sufficient oxidation resistance. Addition of the Cr in excess of 60% by weight is 
undesirable In view of an increased cost. 

C, N, O, P and S: These elements are contained In a total content of 100 ppm or less, and preferably. 
85 ppm or less. When the content of the elements Is limited to such a low range, the resulting alloy would 
50 have an improved ductility, and hence, workability, and the resulting alloy would also have an improved 
oxidation resistance when the Cr content Is within the above-defined range. When the content is in excess 
of 100 ppm, the resulting alloy would not have such improved properties. 

Ti, Nb, Zr, V, Ta. W and B: The alloy of the present invention contains at least one element selected 
from Ti, Nb, Zr. V, Ta, W and B in an amount that meets the following relation (1): 

55 

0.01 wt % 5 Ti + Nb + Zr + V + Ta + W + 50B S 6 wt% (1). 
and preferably, in an amount that meets the following relation (la) 
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0.1 wt % £ Ti + Nb + Zr + V + Ta + W + SOB i 4 wt% (la). 

The alloy containing such elements in an amount within the above-defined range has a significantly 
improved high temperature strength. However, an addition of such elements in excess of the range defined 
by (1) may lead to an increased brittleness although the high temperature strength would be maintained at 
the sufficient level. 

Preferably, the Ti, Nb, Zr. V, Ta, W and B may respectively have the following contents: 
Ti: Ti S 5 {C% by weight + N% by weight) 
Nb: 0.01 to 1% by weight 
Zr: 0.01 to 1% by weight 
V: 0.02 to 1% by weight 
Ta: 0.01 to 1% by weight 
W: 0.03 to 1% by weight, and 
B: 0.0003 to 0.3% by weight. 

Al, Si, Mn: The alloy of the present invention contains at least one element selected from Al, Si and Mn 
in an amount that meets the following relation (3): 

0.1 wt % ^ 3AI + 2Si + Mn ^ 50 wt% (3), 

and preferably, in an amount that meets the following relation (3a): 

0.3 vrt % £ 3AI + 2Si + Mn £ 30 wt% (3a). 

Inclusion in the alloy of such elements at a content within the above-defined range would result in an 
improved oxidation resistance of the resulting alloy. However, when these elements are added to such a 
content that (3AI + 2Si + Mn) exceeds 50% by weight, the resulting alloy would have an insufficient 
workability, and therefore, such an excessive inclusion is not preferred. 

Preferably, Al, Si and Mn are respectively contained in the amounts as described below. 

Al: 0.1 to 4% by weight 

Si: 0.3 to 3% by weight 

Mn: 0.5 to 10% by weight 

(2) Second Aspect of the Invention 

With regard to the Cr content, the content of C, N, O, P and S, and the preferable content of Ti, Nb, Zr, 
V, Ta, W and B, what has been described for the first aspect of the invention is applicable for the second 
aspect of the invention. 

The alloy according to the second aspect of the invention comprises at least one member selected 
from Ca, Mg and rare earth metals (REM) as described below. 

Ca, Mg, and REM: These elements are not critical for the alloy of the present invention. However, 
oxidation resistance of the alloy may be improved by including these elements in an amount that meets the 
following relation (4): 

0.001 wt % 5 4Ca + 4Mg + REM ^ 0.2 wt% (4). 

An excessive inclusion of these elements to an amount such that the (4Ca + 4Mg + REM) value is in 
excess of 0.2% by weight is undesirable since such an addition is likely to result in surface defects of the 
resulting alloy. 

Preferably, Ca. Mg and the rare earth metal are respectively contained in the amounts as described 
below. 

Ca: 0 0002 to 0.03% by weight 

Mg: 0 0003 to 0.03% by weight 

Rare earth metal: 0 0005 to 0.15% by weight 
An alloy which meets the above-described conditions would have an improved workability as well as 
sufficient high temperature strength and oxidation resistance, and therefore, would be adequate for such 
applications as an automobile exhaust gas pipe, wherein the alloy material made into a pipe should be 
subsequently bent. 
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In the production of the Fe-Cr alloy of the present invention, an ultra high-purity electrolytic iron and an 
electrolytic Cr are employed for the starting materials. 

The primary impurity is oxygen regardless of the type of the starting material, and therefore, melting 
and casting may be carried out under such an ultra-high vacuum as 10~^ torr or less for the production of 
the Fe-Cr alloy of the present invention. 

(3) Third Aspect of the Invention 

The alloy according to the third aspect of the invention comprises an alloy which meets the conditions 
for both the alloys according to the first and the second aspects of the invention, namely, an alloy having a 
Cr content of from 3 to 60% by weight: a total content of C. N. O. P and S of up to 100 ppm; a content of at 
least one member selected from Ti, Nb, Zr. V. Ta. W and B in in the range that meets the above-mentioned 
relation (1); a content of at least one member selected from Si, Mn and Al in the range that meets the 
above-mentioned relation (3); and a content of at least one member selected from Ca, Mg, and rare earth 
metals (REM) in the range that meets the above-mentioned relation (4). Such an alloy has an excellent 
workability as well as an oxidation resistance even superior to those of the alloy according to the first or the 
second aspect of the invention, and therefore, may be appropriately used for any of the above-mentioned 
applications. 

In the production of the Fe-Cr alloy of the present invention including the above-described three 
aspects, an ultra high-purity electrolytic iron, an electrolytic chromium, a zone melting-processed silicon, a 
molten salt-electrolytic manganese, a molten salt-electrolytic aluminum, a molten salt-electrolytic calcium, 
an electrolytically reduced magnesium, and an electrolytically reduced rare earth metal may be employed 
as the starting materials. The primary impurity is oxygen regardless of the type of the starting material, and 
therefore, melting and casting are carried out under an ultra-high vacuum of 10"^ torr or less for the 
production of the Fe-Cr alloy of the present invention. 

(IV) The Fe-Cr alloy of the present invention which has excellent acid resistance and oxidation resistance in 
addition to improved workability and high temperature strength is described below. 

The alloy of this invention comprises the alloy of particularly excellent acid resistance described in the 
above (II) having added thereto the components of the alloy of particularly improved oxidation resistance 
described in the above (III). In view of such situation, the alloy of this invention is hereinafter described 
merely for its composition, and detailed description for each alloy component is omitted since it is the same 
as the one given in (II) and (III). 

As in the case of (III), this invention comprises three aspects. The content of C + N + O + P is up to 
100 ppm; the Cr content is from 5 to 60% by weight; and the content of Ti + Nb + Zr + V + Ta + W + 
508 is 0.01 % to 6 % in all three aspects of the invention. The components which may vary are described 
below for each aspect. 

(1) First Aspect of the Invention 

The alloy contains at least one member selected from Ni, Co and Cu in an amount that meets the 
following relation (2): 

0.01 wt % ^ Ni + Co + 2Cu ^ 6 wt% (2). 



The alloy also contains at least one member selected from Si, Mn and Al in an amount that meets the 
following relation (3): 

0.1 wt% ^ 3AI + 2Si + Mn £ 50 wt% (3). 

(2) Second Aspect of the Invention 

The alloy contains at least one member selected from Ni, Co and Cu in an amount that meets the 
following relation (2): 

0.01 wt % S Ni + Co + 2Cu S 6 wt% (2). 
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The alloy also contains at least one member selected from Ca, Mg and rare earth metals (REM) in an 
amount that meets the following relation (4): 

5 0.001 wt% ^ 4Ca + 4Mg + REM ^ 0 2 wt% {4). 

(3) Third Aspect of the Invention 

The alloy contains at least one member selected from Ni. Co and Cu in an amount that meets the 
10 following relation (2): 

0.01 wt % ^ Ni + Co + 2Cu ^ 6 wt% (2). 

The alloy also contains at least one member selected from Si, Mn and Al in an amount that meets the 
15 following relation (3): 

0.1 wt% ^ 3AI + 2Si + Mn ^ 50 wt% (3). 

The alloy also contains at least one member selected from Ca. Mg and rare earth metals (REM) in an 
20 amount that meets the following relation (4): 

0.001 wt% ^ 4Ca + 4Mg + REM £ 0.2 wt% (4). 

The process for producing the alloy of this invention is the same as the above-described processes, 
25 and therefore, detailed description of the production process is omitted. 

[C] Inventions of Category C 

The present invention is hereinafter described in further detail. 

30 

(I) The Fe-Cr alloy of the present invention which has an improved workability as well as an excellent pitting 
resistance is described below. 

FIG. 18 diagrammatically shows increase in elongation and decrease in yield strength evaluated by 
35 tensile tests in accordance with JIS Z-2241 in relation to the total content of C, N, O, P and S for a series of 
annealed cold rolled Fe-18% Cr alloy plates. As apparent from FIG. 18, the alloy would become soft when 
the total content of C, N, O, P and S is 100 ppm or less as evidenced by a significantly superior ductility 
and a significantly lower yield strength. 

In FIG. 18, increase in elongation (%) and decrease in proof stress (yield strength) (N/mm^) indicate 
40 difference in respective tensile properties from the alloy having the (C + N + O + S + P) of 500 ppm. 
The tensile properties used for such calculation are: 
Fe - 18% Cr; C + N + O + S + P = 500 ppm 
elongation: 30% 
proof stress: 330 N/mm^ 
45 Fe - 30% Cr;C + N + 0 + S + P = 500 ppm 

elongation: 25% 
proof stress: 450 N/mm^ 

FIG. 19 diagrammatically shows pitting potential (measured in accordance with JIS G 0577) in relation 
to Mo content for a series of annealed cold rolled Fe - 16% Cr alloy plates having the total content of C, N. 
50 O, P and S of 100 ppm or less. As apparent from FIG. 19, the pitting potential would significantly increase 
when the Mo content is 0.5% by weight or more to result in an improved pitting resistance. 

The composition of the alloy according to the present invention is hereinafter described. 

Cr: Cr content is limited to the range of from 5 to 60% by weight, and preferably, from 10 to 40% by 
weight. When the Cr content is within such a range, the resulting alloy plate would have a sufficient 
55 corrosion resistance. Addition of the Cr in excess of such an amount lacks economic rationality since such 
an excessive addition would not contribute to further improvement in the corrosion resistance. Furthermore, 
addition of an excessive amount of Cr is undesirable since a decrease in workability is likely to be induced 
by solid-solution strengthening of the Cr itself even when (C + N + O + P + S) is limited to up to 100 
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ppm. 

C, N, 0. P and S: These elements are contained in total content of 100 ppm or less. As described 
above, the alloy plate would have a significantly improved ductility, and hence, improved workability when 
the total content of C, N, O, P and S is 100 ppm or less. 
5 Mo: Mo content is limited to the range of from 0 5 to 20% by weight, and preferably, from 0.5 to 5% by 

weight. Mo added to an amount of 0.5% by weight or more will result in an improved pitting resistance. An 
excessive addition of Mo is undesirable from economic point of view. 

An Fe-Cr alloy which meets the above-described conditions would have a significantly improved 
workability as well as a sufficient pitting resistance. 

10 

(II) The Fe-Cr alloy of the present invention which has an improved workability as well as excellent pitting 
resistance and acid resistance is described below. 

FIG. 20 diagrammatically shows corrosion rate in 0.3 % by weight aqueous HCI solution In relation to 
75 (Ni + Co + 2Cu) in % by weight for a series of annealed cold rolled Fe - 16% Cr alloy plates having a 
total content of C, N, O, P and S of 100 ppm or less. As apparent from FIG. 20, the corrosion rate would 
significantly decrease when the (Ni + Co + 2Cu) value is 0.01% by weight or more to result in an 
improved acid resistance. 

With regard to the content of Cr, C, N. O, P, S and Mo. what has been described in the above (I) 
20 applies to the alloy of (II). The alloy according to the aspect (II) of the invention further comprises at least 
one member selected from Ni, Cu and Co in an amount that meets the following relation (1); 

0.01 wt % ^ Ni + Co + 2Cu £ 6 wt% (1). 

25 and preferably, in an amount that meets the following relation (1a): 

0.1 wt % £ Ni + Co + 2Cu S 4 wt% (la). 

Such an alloy would have an excellent acid resistance in addition to the above-described properties. 
30 An addition of the Ni, Co and Cu in excess of the amount represented by the relation (1) is undesirable 

since such an excessive addition of the Ni, Co and Cu, which are austenite stabilization elements, is 

inconvenient for formation of single-phase ferritic structure. 

An alloy according to the aspect (II) of the invention which meets the above-described conditions would 

have an improved workability as well as sufficient pitting resistance and acid resistance. 
35 In producing the Fe-Cr alloys described in the above (t) and (II) of the present invention, a high-purity 

electrolytic iron, an electrolytic Cr, a metallic Mo, an electrolytic Ni, an electrolytic Cu, and a metallic Co 

may be employed as the starting materials. The primary impurity is oxygen regardless of the type of the 

starting material, and therefore, melting and casting are carried out under an ultra-high vacuum of 10~^ torr 

or less for the production of the Fe-Cr alloy of the present invention. 
40 The alloy of the present invention will fully exert its merits whether the product is an annealed hot rolled 

plate or an annealed cold rolled plate, and in addition, whether the final surface finishing is BA. 2B. 2D, HL 

or ground finish. 

(III) The Fe-Cr alloy of the present invention which has improved workability, pitting resistance and oxidation 
45 resistance is described below. 

FIG. 21 diagrammatically shows results of oxidation resistance test (weight loss upon scale removal 
after exposure to air at 1 ,350 K for 12 hours) for a series of Fe-(1 5-30)% Cr alloy plates. As apparent from 
FIG. 21, the alloy containing 0.1% or more of (3AI + 2Si + Mn) would have an improved oxidation 
50 resistance. 

FIG. 22 diagrammatically shows results of oxidation resistance test (weight loss upon scale removal 
after exposure to air at 1,350 K for 12 hours) for a series of Fe-(15-30)% Cr alloy plates. As apparent from 
FIG. 22, the alloy containing 0 001% or more of (4Ca + 4Mg + REM) would have an improved oxidation 
resistance. 

55 The composition of the alloy according to this invention and aspects of the invention are described 

below. The Fe-Cr alloy of the present invention having an improved workability as well as excellent pitting 
resistance and oxidation resistance has three aspects as described below. 
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(1) First Aspect of the Invention 

Cr: Cr content is limited to the range of from 5 to 60% by weight, and preferably, from 5 to 45% by 
weight. When the Cr content is within such a range and other conditions are satisfied, the resulting alloy 
5 plate would have a sufficient oxidation resistance. Addition of the Cr in excess of 60% by weight is 
undesirable in view of an increased cost. 

C, N, O, P and S: These elements are contained in a total content of 100 ppm or less, and preferably. 
85 ppm or less. When the content is limited to such a range, the resulting alloy would have an improved 
ductility, and hence, workability, and the resulting alloy would also have an improved oxidation resistance 
10 when the Cr content is within the above-defined range. When the total content is in excess of 100 ppm. the 
resulting alloy would not have such improved properties. 

Mo: The alloy of the present invention contains Mo in an amount of from 0.5 to 20% by weight, and 
preferably, in an amount of from 0.5 to 5% by weight. The alloy of the present invention containing Mo in 
an amount within such a range has a significantly improved pitting resistance. However, inclusion of the Mo 
75 in excess of 20% by weight may lead to an increased cost, and therefore, such an excessive inclusion is 
not preferable. 

Al, Si, Mn: The alloy of the present invention contains at least one element selected from Al, Si and Mn 
in an amount that meets the following relation (2): 

20 0.1 wt % £ 3AI + 2Si + Mn S 50 wt% (2). 

and preferably, in an amount that meets the following relation (2a): 

0.3 wt % £ 3AI + 2Si + Mn 5 30 wt% (2a). 

25 

Inclusion in the alloy of such elements at a content within the above-defined range would result in an 
improved oxidation resistance of the resulting alloy. However, when these elements are added to such a 
content that (3AI + 2Si + Mn) exceeds 50% by weight, the resulting alloy would have an insufficient 
workability, and therefore, such an excessive inclusion is not preferred. 
30 Preferably, Al. Si and/or Mn are respectively contained in the amounts as described below. 

Al: 0.1 to 4% by weight 

Si: 0.3 to 3% by weight 

Mn: 0.5 to 10% by weight 

35 (1) Second Aspect of the Invention 

With regard to the Cr content, the content of C, N, O, P and S, and the Mo content, what has been 
described for the first aspect of the invention applies to this aspect of the invention. 

The alloy according to this aspect of the invention contains at least one member selected from Ca, Mg 
40 and REM. 

Ca, Mg, and REM: Oxidation resistance of the alloy may be improved by including these elements in an 
amount that meets the following relation (3): 

0.001 wt % 5 4Ca + 4Mg + REM ^ 0.2 wt% (3). 

45 

Preferably, Ca, Mg and the rare earth metal are respectively contained in the amounts as described 
below. 

Ca: 0.0002 to 0.03% by weight 
Mg: 0.0003 to 0.03% by weight 
50 Rare earth metal; 0.0005 to 0.15% by weight 

An alloy according to the present invention as described in (II) which meets the above-described 
conditions would have an improved workability as well as sufficient pitting resistance and oxidation 
resistance, and therefore, would be adequate for such applications as an automobile exhaust gas pipe. 

In the production of the Fe-Cr alloy of the present invention, an ultra high-punty electrolytic iron and an 
65 electrolytic Cr are employed as the starting materials. 

The primary impurity is oxygen regardless of the type of the starting material, and therefore, melting 
and casting may be carried out under such an ultra-high vacuum as IC torr or less for the production of 
the Fe-Cr alloy of the present invention. 
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(3) Third Aspect of the Invention 

The alloy according to the third aspect of the invention comprises an alloy which meets the conditions 
for both the alloys according to the first and the second aspects of the invention, namely, an alloy having a 
Cr content of from 5 to 60% by weight; a total content of C. N. O, P and S of up to 100 ppm; a Mo content 
of from 0.5 to 20% by weight; a content of at least one member selected from Si, Mn and Al in the range 
that meets the above-mentioned relation (2); and a content of at least one member selected from Ca, Mg, 
and rare earth metals (REM) in the range that meets the above-mentioned relation (3). Such an alloy has an 
excellent workability as well as an oxidation resistance even superior to those of the alloy according to the 
first or the second aspect of the invention, and therefore, may be appropriately used for any of the above- 
mentioned applications. 

In the production of the Fe-Cr alloy of the present invention including the above-described three 
aspects, an ultra high-purity electrolytic iron, an electrolytic chromium, a zone melting-processed silicon, a 
molten salt-electrolytic manganese, a molten salt-electrolytic aluminum, a molten salt-electrolytic calcium, 
an electrolytically reduced magnesium, and an electrolytically reduced rare earth meta! may be employed 
as the starting materials. The primary impurity is oxygen regardless of the type of the starting material, and 
therefore, melting and casting are carried out under an ultra-high vacuum of 10~^ torr or less for the 
production of the Fe-Cr alloy of the present invention. 

(IV) The Fe-Cr alloy of the present invention which has excellent acid resistance and oxidation resistance in 
addition to improved workability and pitting resistance Is described below. 

The alloy of this invention comprises the alloy of particularly excellent acid resistance described in the 
above (II) having added thereto the components of the alloy of particularly improved oxidation resistance 
described in the above (III). In view of such situation, the alloy of this invention is hereinafter described 
merely for its composition, and detailed description for each alloy component is omitted since it is the same 
as the one given in (II) and (III). 

As in the case of (III), this invention comprises three aspects. The content of C + N + O + P is up to 
100 ppm; the Cr content is from 5 to 60% by weight; the Mo content is from 0.5 to 20% by weight; and the 
content of Ni + Co + 2Cu is from 0.01% to 6% in all three aspects of the invention. The components 
which may vary are described below for each aspect. 

(1) First Aspect of the Invention 

The alloy contains at least one member selected from Ni, Co and Cu in an amount that meets the 
following relation (1): 

0.01 wt % £ Ni + Co + 2Cu S 6 wt% (1). 

The alloy also contains at least one member selected from Si. Mn and Al in an amount that meets the 
following relation (2): 

0.1 wt% ^ 3AI + 2Si + Mn S 50 wt% (2). 

(2) Second Aspect of the Invention 

The alloy contains at least one member selected from Ni, Co and Cu in an amount that meets the 
following relation (1): 

0.01 wt % ^ Ni + Co + 2Cu £ 6 wt% (1). 

The alloy also contains at least one member selected from Ca. Mg and rare earth metals (REM) in an 
amount that meets the following relation (3): 

0.001 wt% S 4Ca + 4Mg + REM S 0.2 wt% (3). 
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(3) Third Aspect of the Invention 

The alloy contains at least one member selected from Ni. Co and Cu in an amount that meets the 
following relation (1): 

0.01 wt % £ Ni + Co + 2Cu ^ 6 wt% (1). 

The alloy also contains at least one member selected from Si, Mn and Al in an amount that meets the 
following relation (2): 

0.1 wt% ^ 3AI + 2Si + Mn S 50 wt% (2). 

The alloy also contains at least one member selected from Ca, Mg and rare earth metais (REM) in an 
amount that meets the following relation (3): 

0.001 wt% ^ 4Ca + 4Mg + REM S 0.2 wt% (3). 

The process for producing the alloy of this invention is the same as the above-described processes, 
and therefore, detailed description of the production process is omitted. 

[D] Inventions of Category D 

The present invention is hereinafter described in further detail. 

(I) The Fe-Cr alloy of the present invention which has an improved workability as well as excellent pitting 
resistance and weld corrosion resistance is described below. 

FIG. 23 diagrammatically shows results of tensile test at room temperature in relation to the total 
content of C, N. O, P and S for a series of Fe-18% Cr alloy plates by using the results for a conventional 
alloy plate having a total content of C. N, O, P and S of about 500 ppm as a reference. As apparent from 
FIG. 23, the alloy plate would exhibit a significantly increased elongation as well as a significantly 
decreased yield strength to indicate a markedly improved ductility when the total content of C, N. O, P and 
S is 100 ppm or less, as compared to the conventional alloy. 

It should be noted that the test samples had been prepared and evaluated as described below. 

Test sample: The test plate was prepared by melting and casting the starting materials in a 10 kg 
vacuum melting furnace, hot rolling the molten material into a plate of 4 mm thick, recrystallization- 
annealing and descaling the hot-rolled plate, cold rolling the plate to a thickness of 0.8 mm, and subjecting 
the cold rolled plate to recrystallization-annealing. 

Evaluation: The test samples were evaluated by a tensile test according to JIS Z-2241. The test 
samples of L, X and C directions were prepared, and the elongation was calculated by (L + C + 2 x X) / 4. 

In FIG. 23, increase in elongation (%) and decrease in proof stress {yield strength) (N/mm^) indicate 
difference in respective tensile properties from the alloy having the (C + N + O + S + P) of 500 ppm. 

The tensile properties used for such calculation are: 

Fe - 18% Cr; C + N + O + S + P = 500 ppm 

elongation: 30% 

proof stress: 330 N/mm^ 

Fe - 30% Cr;C + N + 0 + S + P = 500 ppm 

elongation: 25% 

proof stress: 450 N/mm^ 

FIG. 24 diagrammatically shows pitting potential in relation to Mo content for a series of annealed cold 
rolled Fe-16% Cr alloy plates having a total content of C. N, O. P and S of 100 ppm or less. As apparent 
from FIG. 24, the pitting potential would rapidly increase when the Mo content reaches 0.5% by weight to 
result in an improved pitting resistance. 

It should be noted that the test samples had been prepared and evaluated as described below. 

Test sample: The test plate was prepared by melting and casting the starting materials in a 10 kg 
vacuum melting furnace, hot rolling the molten material into a plate of 4 mm thick, recrystallization- 
annealing and descaling the hot-rolled plate, cold rolling the plate to a thickness of 0 8 mm, subjecting the 
cold rolled ptate to recrystallization-annealing. and grinding the surface with Emery #800. 
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Evaluation: An anode polarization curve was depicted in accordance with JIS G 0577 in a solution of 
1.000 ppm Cr. A potential corresponding to Vc 10 uA was deternnined to be the the pitting potential. 

FIG. 25 diagrammatically shows the results of a test for intergranular corrosion of TIG weld zone in 
relation to the value of (Ti + Nb + Zr + V + Ta + W + 50 x B) (in % by weight) for a series of annealed 
5 cold rolled Fe-20% Cr alloy plates having a total content of C. N, O, P and S of 100 ppm or less. As 
apparent from FIG. 25, weld zone-corrosion resistance (intergranular corrosion resistance) would be 
significantly improved when the above-defined value reaches 0.01%. 

It should be noted that the test samples had been prepared and evaluated as described below. 

Test sample: The test plate was prepared by melting and casting the starting materials in a 10 kg 
70 vacuum melting furnace, hot rolling the molten material into a plate of 4 mm thick, recrystallization- 
annealing and descaling the hot-rolled plate, cold rolling the plate to a thickness of 0.8 mm. subjecting the 
cold rolled plate to recrystallization-annealing. and grinding the surface with Emery #500. The thus prepared 
plate was subjected to TIG welding (bead on) to prepare the test sample. 

Evaluation: The test sample was subjected to a sulfuric acid-copper sulfate test in accordance with JIS 
75 G-0572, and then, to a weld zone-bend test (r = 2t, bending to 180*C) to evaluate for the presence or the 
absence of cracks. 

FIG. 26 diagrammatically shows corrosion rate in 5 % by weight aqueous HCI solution in relation to (Ni 
+ Co + 2Cu) in % by weight for a series of Fe-(24-25)% Cr alloy plates having the total content of C, N, 
0, P and S of 100 ppm or less. As apparent from FIG. 26. the corrosion rate would rapidly decrease when 
20 the (Ni + Co + 2Cu) value reaches 0.01% by weight to result in an improved acid resistance. 

It should be noted that the test samples had been prepared and evaluated as described below. 
Test sample: The test plate was prepared by melting and casting the starting materials in a 10 kg 
vacuum melting furnace, hot rolling the molten material into a plate of 4 mm thick, recrystallization- 
annealing and descaling the hot-rolled plate, cold rolling the plate to a thickness of 0.8 mm, subjecting the 
25 cold rolled plate to recrystallization-annealing, and grinding the surface with Emery #500. 

The composition of the alloy according to this invention is hereinafter described in detail. 
Cr: Cr content is limited to the range of from 5 to 60% by weight, and preferably, from 10 to 35% by 
weight. When the Cr content is within such a range, the resulting alloy plate would have a sufficient 
corrosion resistance. Addition of the Cr in excess of such an amount lacks economic rationality since such 
30 an excessive addition would not contribute to further improvement in the corrosion resistance. Furthermore, 
addition of an excessive amount of Cr is undesirable since a decrease in workability is likely to be induced. 

C, N, O. P and S: These elements are contained in total content of 100 ppm or less. As described 
above, the alloy plate would have a significantly improved ductility, and hence, improved workability when 
the total content of C, N, O, P and S is 100 ppm or less. 
35 Mo: Mo content is limited to the range of from 0.5 to 20% by weight, and preferably, from 1 to 10% by 

weight. Mo added to an amount of 0.5% by weight or more will result in an improved pitting resistance, 
while an excessive addition of Mo is undesirable from economic point of view. 

Ti, Nb, Zr, V, Ta, W and B: The alloy of the present invention contains at least one element selected 
from Ti, Nb, Zr, V. Ta, W and B in an amount that meets the following relation (1): 

40 

0.01 wt % £ Ti + Nb + Zr + V + Ta + W + 50B 5 1.0 wt% (1), 



and preferably, in an amount that meets the following relation (1a): 
45 0.05 wt % S Ti + Nb + Zr + V + Ta + W + 508 £ 0.5 wt% (la). 



The alloy of the present invention containing such elements in an amount within the range defined by 
such a relation has a significantly improved weld zone-corrosion resistance (intergranular corrosion resis- 
tance). However, an excessive addition of such elements is undesirable since a decrease in workability is 
likely to be induced by solid-solution strengthening of such elements themselves. 

Preferably, the Ti, Nb, Zr. V, Ta, W and B may respectively have the following contents: 

Ti: Ti £ 5 (C% + N%) 

Nb: 0.01 to 0.5% by weight 

Zr: 0.01 to 0.5% by weight 

V: 0.01 to 0.5% by weight 

Ta: 0 01 to 0.5% by weight 

W: 0.01 to 0.5% by weight, and 

B: 0.0003 to 0.01% by weight. 
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An Fe-Cr alloy which meets the above-described conditions would have a significantly improved 
workability as well as sufficient pitting resistance and weld zone-corrosion resistance (intergranular corrosion 
resistance), and therefore, would be adequate for a variety of applications including can body of a water 
heater and automobile muffler. 

5 

(II) The Fe-Cr alloy of the present invention which has an improved workability as well as excellent pitting 
resistance, weld zone-corrosion resistance (intergranular corrosion resistance), and acid resistance is 
described below. 

10 An alloy comprising at least one member selected from Ni, Cu and Co in an amount that meets the 
following relation (2): 

0.01 wt % ^ Ni + Co + 2Cu S 6 wt% (2), 
75 and preferably, in an amount that meets the following relation (2a): 
0.05 wt % ^ Ni + Co + 2Cu ^ 5 vrt% (2a) 

in additions to the alloy components described in the above (I) would have an excellent acid resistance in 
20 addition to the above-described properties. 

An addition of the Ni, Co and Cu in excess of the amount represented by the relation (2) is undesirable 
since such an excessive addition of the Ni. Co and Cu, which are austenite stabilization elements, would 
necessitate an addition of Cr and Mo in an increased amount for formation of a single-phase ferritic 
structure as required in the present invention. 
25 Preferred content for each of the Ni, Co and Cu are as described below in view of the above-described 
reasons. 

Ni: 0.05 to 5.0% by weight 
Co: 0.05 to 5.0% by weight 
Cu: 0.05 to 2.5% by weight 
30 An alloy which meets the conditions described in (I) or (II) would have an improved workability as well 
as sufficient pitting resistance, weld zone-corrosion resistance (intergranular corrosion resistance) and acid 
resistance, and therefore, would be adequate for a variety of applications including automobile muffler, can 
body of a water heater, and chemical plant materials. 

In the production of the Fe-Cr alloy of the present invention described in (I) or (II), a high-purity 
35 electrolytic iron, an electrolytic Cr, a metallic Mo, a metallic Ti, a metallic Nb, a metallic Zr, a metallic V, a 
metallic Ta, a metallic W, a high purity (Fe-B), an electrolytic Ni, an electrolytic Cu, and a metallic Co may 
be employed for the starting materials. The primary impurity is oxygen regardless of the type of the starting 
material, and therefore, melting and casting are carried out under an ultra-high vacuum of 10~^ torr or less 
for the production of the Fe-Cr alloy of the present invention. 

40 

(III) The Fe-Cr alloy of the present invention which has an improved workability as well as excellent pitting 
resistance, weld zone-corrosion resistance (intergranular corrosion resistance), and oxidation resistance is 
described below. 

45 FIG. 27 diagrammatically shows results of oxidation resistance test (weight loss upon scale removal 
after exposure to air at 1,350 K for 12 hours) for a series of Fe-(15-30)% Cr alloy plates having a total 
content of C, N, O, P and S of up to 100 ppm. As apparent from FIG. 27, the alloy containing 0.1% or more 
of (3AI + 2Si + Mn) would have an improved oxidation resistance. 

FIG. 28 diagrammatically shows results of oxidation resistance test (weight loss upon scale removal 

50 after exposure to air at 1,350 K for 12 hours) for a series of Fe-(15-30)% Cr alloy plates having a total 
content of C, N. O, P and S of up to 100 ppm. As apparent from FIG. 28, the alloy containing 0.001% or 
more of (4Ca + 4Mg + REM) would have an improved oxidation resistance. 

The composition of the alloy according to this invention and aspects of the invention are described 
below. The Fe-Cr alloy of the present invention having an improved workability as well as an excellent 

55 oxidation resistance has three aspects as described below. 
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(1) First Aspect of the Invention 

Cr: Cr content is limited to the range of fronn 5 to 60% by weight, and preferably, from 10 to 40% by 
weight. When the Cr content is within such a range and other conditions are also satisfied, the resulting 
alloy would have a sufficient oxidation resistance. Addition of the Cr in excess of such an amount is likely to 
induce a decrease in workability, and would not contribute to further improvement in the oxidation 
resistance. 

C, N, O, P and S: These elements are contained in total content of 100 ppm or less, and preferably, 85 
ppm or less. Abnormal oxidation is avoided when such conditions are satisfied. Such conditions in 
association with other conditions would result in an alloy having an improved oxidation resistance as well as 
an excellent ductility, and hence, high workability. 

Mo: Mo content is limited to the range of from 0.5 to 20% by weight, and preferably, from 1 to 10% by 
weight. Mo added to an amount of 0.5% by weight or more will result in an improved pitting resistance, 
while an excessive addition of Mo is undesirable from economic point of view. 

Ti, Nb, Zr, V, Ta, W and B: The alloy of the present invention contains at least one element selected 
from Ti, Nb, Zr, V, Ta, W and B in an amount that meets the following relation (1): 

0.01 wt % S Ti + Nb + Zr + V + Ta + W + 508 ^ 1 .0 wt% (1 ). 

and preferably, in an amount that meets the following relation (la): 

0.05 wt % S Ti + Nb + Zr + V + Ta + W + 50B S 0.5 wt% (la). 

The alloy of the present invention containing such elements in an amount within the range defined by 
such a relation has a significantly improved weld zone-corrosion resistance (intergranular corrosion resis- 
tance). However, an excessive addition of such elements is undesirable since a decrease in workability is 
likely to be induced by solid-solution strengthening of such elements themselves. 

An Fe-Cr alloy which meets the above-described conditions would have a significantly improved 
workability as well as sufficient pitting resistance and weld zone-corrosion resistance (intergranular corrosion 
resistance), and therefore, would be adequate for a variety of applications including can body of a water 
heater and automobile muffler. 

Si, Mn, Al: The alloy of the first aspect of the invention contains at least one such metal in an amount 
that meets the following relation (3): 

0.1 wt % ^ 3AI + 2Si + Mn ^ 50 wt% (3), 

and preferably, in an amount that meets the following relation (3a): 

0.5 wt % £ 3AI + 2Si + Mn i 25 wt% (3a). 

When the content is within such a range and other conditions are also satisfied, the resulting alloy would 
have a significantly improved oxidation resistance. These elements should not be contained in an excess 
amount since the elements contained such that the (3AI + 2Si + Mn) value is in excess of the range of 
relation (3) would render the alloy production difficult. 

Preferably, the elements are respectively contained in the amounts as described below for the reasons 
as noted below. 

Si: 0.1 to 10.0% by weight 

Inclusion of less than 0.1% by weight is not significantly effective. Inclusion in excess of 10.0% by 
weight would result in a significantly decreased produceability. 
Mn: 0.1 to 5.0% by weight 

Inclusion of less than 0.1% by weight is not significantly effective. Inclusion in excess of 5% by weight 
would result in a significantly decreased produceability. 
Al: 0.1 to 4.0% by weight 

Inclusion of less than 0.1% by weight is not significantly effective. Inclusion in excess of 10.0% by 
weight would result in a significantly decreased produceability. 

An Fe-Cr alloy which meets the above-described conditions would have an improved oxidation 
resistance as well as excellent workability, and therefore, such an alloy may be adequately used tor 
producing vanous components in automobile exhaust gas system or various pipes used under the 
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conditions of repeated high-tennperature oxidation. 

(2) Second Aspect of the Invention 

With regard to the Cr content, the content of C, N, 0, P. and S, and the Fe content, what has been 
described for the alloy according to the first aspect of the invention applies to the alloy according to the 
second aspect of the invention. 

The alloy according to the second aspect of the invention comphses at least one nnember selected 
from Ca, Mg and rare earth metals (REM) in an amount that meets the following relation (4): 

0.001 wt % £ 4Ca + 4Mg + REM £ 0.2 wt% (4), 

and preferably, in an amount that meets the following relation (4a): 

0.005 wt % ^ 4Ca + 4Mg + REM 5 0.15 wt% (4a). 

When the content is within such a range and other conditions are also satisfied, the resulting alloy 
would have a sufficient oxidation resistance as well as an excellent workability. 

These elements are significantly effective in improving the protectability of the oxide film formed on the 
surface of the alloy according to the second aspect of the invention, and hence, in suppressing the 
abnormal oxidation which is likely to take place in an extremely thin material. The elements also improve 
adhesion of the oxide film to the underlying material. 

An excessive inclusion of these elements to an amount such that the (4Ca + 4Mg + REM) value is in 
excess of 0.2% by weight is undesirable since such an addition is likely to result in surface defects of the 
resulting alloy. 

Preferably, Ca, Mg and the rare earth metal are respectively contained in the amounts as described 
below for the reasons as noted below. 
Ca: 0.002 to 0.01% by weight 
Inclusion of less than 0.002% by weight is not significantly effective. Inclusion in excess of 0.01% by 
weight would result in a significantly decreased produceability. 
Mg: 0.002 to 0.01% by weight 
Inclusion of less than 0.002% by weight is not significantly effective. Inclusion in excess of 0.01% by 
weight would result in a significantly decreased produceability. 
Rare earth metal: 0.005 to 0.1% by weight 
Inclusion of less than 0.005% by weight is not significantly effective. Inclusion in excess of 0.1% by 
weight would result in an increased cost. 

The alloy according to the second aspect of the invention may be used for applications similar to those 
of the alloy according to the first aspect of the invention. 

(3) Third Aspect of the Invention 

The alloy according to the third aspect of the invention comprises an alloy which meets the conditions 
for both the alloys according to the first and the second aspects of the Invention, namely, an alloy having a 
Cr content of from 3 to 60% by weight; a total content of C, N, O, P and S of up to 100 ppm; a Mn content 
of from 0.5 to 20% by weight; a content of at least one member selected from Ti, Nb, Zr, V, Ta, W and B in 
the range that meets the above-mentioned relation (1); a content of at least one member selected from Si, 
Mn and Al in the range that meets the above-mentioned relation (2); and a content of at least one member 
selected from Ca, Mg, and rare earth metals (REM) in the range that meets the above-mentioned relation 
(3). Such an alloy has an excellent workability as well as an oxidation resistance even superior to that of the 
alloy according to the first or the second aspect of the invention, and therefore, may be appropriately used 
for any of the above-mentioned applications. 

In the production of the Fe-Cr alloy of the present invention including the above-described three 
aspects, an ultra high-purity electrolytic iron, an electrolytic chromium, a zone melting-processed silicon, a 
molten salt-electrolytic manganese, a molten salt-electrolytic aluminum, a molten salt-electrolytic calcium, 
an electrolytically reduced magnesium, and an electrolytically reduced rare earth metal may be employed 
as the starting materials. The primary impurity is oxygen regardless of the type of the starting material, and 
therefore, melting and casting are carried out under an ultra-high vacuum of 10~^ torr or less for the 
production of the Fe-Cr alloy of the present invention. 
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(IV) The Fe-Cr alloy of the present invention which has an excellent acid resistance and oxidation resistance 
in addition to improved workability, pitting resistance and weld zone corrosion resistance is described 
below. 

The alloy of this invention comprises the alloy of particularly excellent acid resistance described in the 
above (II) having added thereto the components of the alloy of particularly improved oxidation resistance 
described in the above (III). In view of such situation, the alloy of this invention is hereinafter described 
merely for its composition, and detailed description for each alloy component is omitted since it is the same 
as the one given in (II) and (III). 

As in the case of (III), this invention, comprises three aspects. The content of C + N + O + P is up to 
100 ppm: the Cr content is from 5 to 60% by weight; the Mo content is from 0.5 to 20% by weight; and the 
content of Ti + Nb + Zr + V + W + SOB is from 0.01 to 1% in all three aspects of the invention. The 
components which may vary are described below for each aspect. 

(1 ) First Aspect of the Invention 

The alloy contains at least one member selected from Ni, Co and Cu in an amount that meets the 
following relation (2): 

0.01 wt % S Ni + Co + 2Cu £ 6 wt% (2). 

The alloy also contains at least one member selected from Si. Mn and Al in an amount that meets the 
following relation (3): 

0.1 wt% ^ 3AI + 2Si + Mn ^ 50 wt% (3), 

and preferably, in an amount that meets the following relation: 

0.5 wt% < 3AI + 2Si + Mn £ 25 wt% (3a). 

(2) Second Aspect of the Invention 

The alloy contains at least one member selected from Ni, Co and Cu in an amount that meets the 
following relation (2): 

0.01 wt % S Ni + Co + 2Cu ^ 6 wt% (2). 

The alloy also contains at least one member selected from Ca, Mg and rare earth metals (REM) in an 
amount that meets the following relation (4): 

0.001 wt% £ 4Ca + 4Mg + REM i 0.2 wt% (4). 

and preferably, in an amount that meets the following relation: 

0.005 wt% S 4Ca + 4Mg + REM ^ 0.15 wt% (4a). 

(3) Third Aspect of the Invention 

The alloy contains at least one member selected from Ni. Co and Cu in an amount that meets the 
following relation (2): 

0.01 wt % £ Ni + Co + 2Cu £ 6 wt% (2). 

The alloy also contains at least one member selected from Si. Mn and Al in an amount that meets the 
following relation (3): 

0.1 wt% S 3AI + 2Si + Mn £ 50 wt% (3), 
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and preferably, in an amount that meets the following relation: 
0.5 wt% £ 3AI + 2Si + Mn ^ 25 wt% (3a). 



The alloy also contains at least one member selected from Ca, Mg and rare earth metals (REM) in an 
amount that meets the following relation (4): 

0.001 wt% £ 4Ca + 4Mg + REM ^ 0.2 wt% (4). 

and preferably, in an amount that meets the following relation: 

0.005 wt% £ 4Ca + 4Mg + REM S 0.15 wt% (4a). 

The process for producing the alloy of this invention is the same as the above-described processes, 
and therefore, detailed description of the production process is omitted. 

EXAMPLES 

[A] Inventions of category A 

The present invention is hereinafter described in further detai! by referring to the Examples. 

(Example 1) Alloys 1 to 13 of the invention and Comparative alloys 1 to 12 corresponding to Claim 1 

Alloys having the chemical compositions shown in Table 1 were prepared by melting and casting the 
materials in a 10 kg vacuum melting furnace, and the alloys were hot rolled into hot rolled plates of 4 mm 
thick. The plates were further subjected to recrystallization annealing, descaling, and cold rolling to produce 
cold rolled plates of 0.7 mm thick. Finally, the plates were subjected to a recrystallization annealing to 
produce annealed cold rolled plates. 

The thus obtained annealed cold rolled plates were subjected to a tensile test according to JIS Z-2241 
to evaluate for their elongation. The elongation is shown in Table 2. The plates were also subjected to a 
bend test by tightly folding to 180* in C direction after cold rolling to 50%. After the bend test, the plates 
were examined for cracks, and the thus examined conditions are shown in Table 2. 

It should be noted that the elongation shown in Table 2 is an average of the elongation in L, X and C 
directions ((EIl + EIc + 2 x Elx) / 4). The bend-working properties were evaluated in accordance with the 
following criteria: 

0: no crack, 

A: minute cracks, and 

X; large cracks. 

The test samples obtained in all examples were evaluated for their increase in elongation and decrease 
in proof stress (yield strength). 

The increase in elongation (%) and the decrease in proof stress (yield strength) (N/mm^) indicate 
difference in respective tensile properties from the alloy having the (C + N + O + S + P) of 500 ppm. 
The tensile properties used for such calculation are: 

Fe - 18% Cr; C + N + O + S + P = 500 ppm 

elongation: 30% 

proof stress: 330 N/mm^ 

Fe - 30% Cr;C + N + 0 + S + P = 500 ppm 

elongation: 25% 

proof stress; 450 N/mm^ 

By reducing the C. N, O. P and S. which have been well known impurities, to a total content of 100 
ppm or less, the alloy plate would have an excellent workability irrespective of its Cr content as evidenced 
by the absence of cracks after 50% cold rolling and complete folding in C direction. On the other hand, 
minute cracks were observed, in the alloys of a relatively low Cr content when the total content was in 
excess of 100 ppm and up to 200 ppm, (Comparative alloys 1, 2, 3 and 4), and large cracks were observed 
in the alloys of a relatively low Cr content when the total content was in excess of 200 ppm, and in the 
alloys of a relatively high Cr content when the total content was in excess of 100 ppm (Comparative Alloys 
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5, 6, 7, 8 and 9). indicating reduced workability. 

In addition, comparison of the results among the alloys of equivalent Cr content reveals that the 
elongation is significantly improved by reducing the total content of the C. N, O, P and S to 100 ppm or 
less- 

A series of alloys having the composition: Fe - 11% Cr- 0.003% Si - 0.005% Mn - 0.007% A! and 
varying total contents of C, N, O, P and S were prepared in the same manner as the alloy plates of Table 1, 
and ground finished with Emery #600. The alloy plates were then subjected to a salt spray test using 5% 
NaCI at 50 "C (24 hr), and examined for rust development. The results are shown in Table 2 (Cnteria: A: no 
rust; B: little rust; C: considerable rust; and D: severe rust). 

The above results reveal that the rust resistance is markedly improved to eventually show no rust when 
the total content of C. N, O, P and S is reduced to 100 ppm or less. 

(Example 2) Alloys 14 to 20 of the invention and Comparative alloys 13 and 14 corresponding to Claim 2 

Test materials having the chemical compositions shown in Table 1 were prepared in a 100 kg high- 
frequency induction heating ultra high-vacuum melting furnace. The test materials were forged, cut, hot 
rolled, annealed, and cold rolled to produce a steel plate of 1.0 mm thick. 

Test samples of 1 mm (thickness) x 50 mm x 50 mm were prepared from the thus produced test 
materials. The test samples were then subjected to 

(1) a test wherein the samples are immersed in 5% HCI at 40 ' C for 24 hours; and 

(2) a test wherein the samples are immersed in 40% H2SO4 at 50'C for 24 hours 

to measure the corrosion rate (g/m^-hr). The results are shown in Table 2. The results in Table 2 reveal that 
the corrosion upon immersion in an acid is markedly reduced in the samples having the alloy composition 
within the scope of the present invention compared to those of the comparative examples. With regard to 
the samples having a total content of C, N, O, P and S of up to 100 ppm, the improvement is significant 
when Co + Ni + 2Cu is 0.01% or more. 

As apparent from the results, the Fe-Cr based alloy (5 S Cr £ 60) having a total content of C, N, 0. P 
and S of up to 100 ppm and a content of at least one member selected from Cu, Ni and Co in the range of 
0.01 wt % £ Ni + Co + 2Cu £ 6 wt% has an improved acid resistance. 

(Example 3-1) Alloys 21 to 33 of the invention and Comparative alloys 15 to 18 corresponding to Claim 3 

Test materials having the chemical compositions shown in Table 1 were prepared in a 100 kg high- 
frequency induction heating ultra-vacuum melting furnace. The thus prepared test materials were repeatedly 
forged, cut, hot rolled, annealed, and cold rolled to produce a foil strip having a thickness of 50 um and a 
width of 200 mm. 

Test samples (50 um (thickness) x 50 mm x 50 mm) were prepared from the above-described foil 
strips, and the test samples were subjected to a continuous oxidation test and a repeated heating test as 
described below. The results are shown in Table 2. 

(1) Continuous oxidation test 

The test strips were heated to 1,150 *C for 300 hours in the air, and then measured for their abnormally 
oxidized area. The results were evaluated in accordance with the following criteria: 
O: no abnormally oxidized area; 
O: up to 5% of the abnormally oxidized area, 
A: 5 to 20% of the abnormally oxidized area; 
X: 20 to 40% of the abnormally oxidized area; and 
XX: more than 40% of the abnormally oxidized area. 

(2) Repeated heating test 

The test strips were subjected to 50 cycles of heating at 1,150'C for 30 minutes and cooling for 30 
minutes, and then measured for their area of the oxide film that had been peeled. The results were 
evaluated in accordance with the following criteria: 

O: no abnormally oxidized area; 

O: up to 10% of the abnormally oxidized area; 

A; 10 to 30% of the abnormally oxidized area; 
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X: 30 to 50% of the abnormally oxidized area; and 

XX: more than 50% of the abnormally oxidized area. 
Development of the abnormal oxidation was less significant in the test samples having the alloy 
composition within the scope of the present invention compared to that of the comparative examples. In 
addition, the oxide films of the test samples of the invention were free from defects and highly adhesive to 
the underlying material while those of the comparative examples were less adhesive to the underlying 
material and susceptible to abnormal oxidation. Furthermore, with regard to the test samples having the 
total content of C. P, O, N and S of up to 100 ppm, the improvements were significant when the (3AI + 2Si 
+ Mn) was 0.1% or more. As apparent from such results, a highly oxidation-resistant Fe-Cr alloy may be 
obtained by reducing the total content of S, P, O. N and C to 100 ppm or less, and adding at least one or 
two members selected from Si, Al and Mn to a content of 0.1% by weight S 3AI + 2Si + Mn ^ 50% by 
weight in the Fe-Cr based alloy (3 ^ Cr ^ 60). 

The results also indicate that the oxidation resistance of the Fe-Cr alloy may be further Improved by 
adding at least one member selected from Ca, Mg, and rare earth metals to a content of 0.001% by weight 
g 4Ca + 4Mg + REM s 0.2% by weight in addition to the above-mentioned elements. 

(Example 3-2) 

Alloys 34 to 41 of the invention and Comparative alloys 19 and 20 corresponding to Claim 3 

Test materials having the chemical compositions shown in Table 1 were prepared in a 100 kg high- 
frequency induction heating ultra-vacuum melting furnace. The thus prepared test materials were repeatedly 
forged, cut. hot rolled, annealed, and cold rolled to produce a foil strip having a thickness of 50 um and a 
width of 200 mm. 

Foil strip test samples (50 um (thickness) x 50 mm x 50 mm) were prepared from the above-described 
foil strips, and the test samples were subjected to a continuous oxidation test and a repeated heating test 
as in the case of Example 3-1 expect that the heating temperature is IIOO'C. The results are shown in 
Table 2. 

In the tests, the results were evaluated in accordance with the following criteria: 

(1) Continuous oxidation test 

O: up to 5% of the abnormally oxidized area; 
A: 5 to 20% of the abnormally oxidized area; 
X: more than 20% of the abnormally oxidized area. 

(2) Repeated heating test 

O: up to 10% of the abnormally oxidized area; 

A: 10 to 30% of the abnormally oxidized area; 

X: more than 30% of the abnormally oxidized area. 
Development of the abnormal oxidation was less significant in the test samples having the alloy 
composition within the scope of the present invention compared to that of the comparative examples. In 
addition, the oxide films of the test samples of the invention were free from defects and highly adhesive to 
the underlying material while those of the comparative examples were less adhesive to the underlying 
material and susceptible to abnormal oxidation. 

As apparent from such results, a highly oxidation-resistant Fe-Cr alloy may be obtained by reducing the 
total content of the S. P, 0, N and C to 100 ppm or less, and adding at least one member selected from 
Ca, Mg. and rare earth metals to the content of 0.001 < 4Ca + 4Mg + REM £ 0.2 in the Fe-Cr based alloy 
(3 S Cr ^ 60). 

(Example 4) Alloys 42 to 44 of the Invention and Comparative alloy 21 corresponding to Claim 4 

Test materials having the chemical compositions shown in Table 1 were prepared in a 100 kg high- 
frequency induction heating ultra-vacuum melting furnace. The thus prepared test materials were repeatedly 
forged, cut, hot rolled, annealed, and cold rolled to produce a foil strip having a thickness of 50 um and a 
width of 200 mm. 
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The thus prepared test samples were then subjected to (1) a corrosion test wherein the samples are 
immersed in 5% HCI at 40 'C; (2) a corrosion test wherein the samples are immersed in 40% HzSO* at 
50' C; (3) a continuous oxidation test; and (4) a repeated heating test by repeating the procedure of the 
above-described examples. The results were also evaluated in a similar manner. The results are shown in 
Table 2. The results clearly reveal that the test samples having the alloy composition within the scope of 
the present invention have excellent properties. 
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5 




! 


0.004 


0.0012 


0.0015 


0.0052 


0.018 


i 

CD 


0.032 


0.20 


0.001 


8 

CD 


d 


CD 




i- 


o 


s 

o 
o 


CO 

s 




S3 


CO 


t— 
CD 


CO 
CO 
CD 

d 


CD* 


CO 
CD 
CD 


CO 
CO 
CD 

CD 


CD 
CD 


§ 

CD 


10 


CI 


1 


1 


1 


1 


1 


I 


1 


1 


1 
1 


1 


I 




1 


75 
20 












cS 




CD 


£i 




CO 








other elements 




§ 




Ln 

8 

d 

i 


o 

d 
S 


§ 
d 

8^ 

O en 


CD 

8 


d 
O 


CD 


8 

CD 

s 


CD 

CD 

8 


d 

i ^ 


S 

CD 


25 


c 

:2 


=^ 




o 

cs3 


o 


s 




to 

CD 


o 

CD 


CD 


CM 
CD 


CD 


d 


CD 


CO 


d 


o 


o 

d 




CS 

d 


Lr> 

CD 


CM 

d 




c:j 


CD 


CD 


CD 


o 

CD 




< 




s 

o 


o 

CO 


o 
ir> 


o 


CD 


d 


CM 

s 

CD 


s 

CD 




CM 

s 

d 


§ 

CD 


CD 




o 




CD 




o 


s 

CD 


CD 


o 

CD 


CD' 


CD 


CD 


S 

CD 


O 
CD 




CD 


35 


u 

o 


Ol 


o 

CO 


CO 




O 
XT 


CO 


CO 

ed 


LO 
CO 




CO 


CO 
CM 


uo 


LO 






cr> 








O 




cn 


CM 


cn 


CO 


CO 


to 


cr> 


40 




o 


o 










o 
















b 


to 






CM 






LTJ 


CM 


CO 
CM 


■rr- 
CM 




CO 
CM 




45 


k 


CSJ 1 


CM 








CM 


S3 


CO 
CSJ 




CO 
CM 


CM 




- 

CM "* 




b 






to 


CO 




LO 




CO 












50 












CO 










-I 


CO 


















r^UOALTT JO 















+ 

to 



It 

to 



O 



09 
4- 
O 



O 
II 
(3 



37 



Table 1 (4) 



EP 0 597 129 A1 



8 

zU 

<S <3 

CO Lf5 S 

ci c> c> 



c_> 



Ln CO cS 

o c:> <cJ 



8 



8 



to S 
CO o 



uot:iusaux jo sXoxxV 



:2 

+ 

to 



II 
c 



< 

CO 

II 



+ 

2: 

!; 



CO 

+ 
o 

-J- 

+ 
If 



38 



Table 1 (5) 



EP 0 597 129 A1 



*o 


1 


1 


1 


1 


I 


I 


I 


1 


1 


1 


1 


I 




1 


1 


1 


1 


1 


I 


1 


1 


1 


I 


1 






1 


1 


1 


1 




1 


1 


1 


I 


I 


1 


1 








s 


CO 








CD 


LO 


ro 


-<r 


CsJ 


Other elements 


























Mn 


O.OOl 


0.001 


0.001 


0.001 


0.001 


O.OIC 


0.018 


0.020 


CD 
C> 


CD 


0.005 


0.005 




8 

d 


O.OOl 


O.OOl 


0.001 


8 

CD 


0. 031 


0. OOG 


0.005 


0.011 


0. 003 


0. 003 


0.003 


< 


0.001 


0.001 


s 

d 


0.001 


0.001 


0. 0003 


0.001 


0.002 


0. 003 


0.007 


0.007 


0.007 


Mo 


























I- 
o 


0.85 




CO 

f— 


CO 




CO 


20.0 


to 
CO 


cr> 


11.0 


11.0 


CD 




CO 


CO 


CO 






o 


in 


CD 


ir> 


)Q 


CO 




a. 




cr> 






oO 








cr> 






CO 
CO 


b 


o 




CO 


s 


o 








CO 




LO 






CO 




in 


CO 


CVJ 




CD 




C-T 












CO 




CO 








CO 


1 1 

— 1 CO 1 o 








CO 






LO 




r— 


CO 1 j S j - 


CO 





II 



39 



EP 0 597 129 A1 



Table 1 (6) 
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[B] Inventions of category B 

The present invention is hereinafter described in further detail by referring to the Examples. 
(Example 1) Alloys 1 to 6 of the invention and Comparative alloys 1 to 6 corresponding to Claim 5 

Alloys having the chemical compositions shown in Table 1 were prepared in an ultra high-vacuum 
melting furnace of 10"^ Torr or less from an ultra high-purity electrolytic iron and other high-purity metal 
materials produced, for example, by an electrolytic process. 

The alloy materials were heated to about 1,200' C and hot rolled into plates of about 5 mm thick, and 
finally, cold rolled to a thickness of 1.0 to 2.0 mm. The plates were further annealed at 500 to 1.100 'C for 
recrystallization and particle size adjustment. 

Test samples were cut out of the thus prepared alloy materials for tensile tests at room temperature 
and at an elevated temperature in accordance with Japanese Industrial Standard (The tensile test at room 
temperature was carried out in accordance with JIS 5, and the tensile test at an elevated temperature was 
carried out in accordance with JIS G 0567). 

The alloy materials of the Table 1 prepared in an ultra high-vacuum furnace from high-purity metals 
were also subjected to an oxidation test wherein the alloy materials were heated in an electric furnace open 
to atmosphere to 1,350 K for 12 hours, and cooled by air to room temperature, and measured for their 
weight loss after scale removal. The thus evaluated weight loss was used as an index for their oxidation 
resistance. The results are shown in Table 2. The results in Table 2 reveal that both the workability and the 
high-temperature strength are markedly improved in the samples having the alloy composition within the 
scope of the present invention compared to those of the comparative examples. 

(Example 2) Alloys 7 to 12 of the invention and Comparative alloys 7 to 9 corresponding to Claim 6 

Test materials having the chemical compositions shown in Table 1 were prepared in a 100 kg high- 
frequency induction heating ultra high-vacuum melting furnace. The test materials were forged, cut. hot 
rolled, annealed, and cold rolled to produce a steel plate of 1.0 mm thick. 

Test samples of 1 mm (thickness) x 50 mm x 50 mm were prepared from the thus produced test 
materials. The test samples were then subjected to 

(1) a test wherein the samples are immersed in 5% HCI at 40*C for 24 hours; and 

(2) a test wherein the samples are immersed in 40% H2SO* at 50*C for 24 hours 

to measure the corrosion rate (g/m^.hr). The results are shown in Table 2. The results in Table 2 reveal that 
the corrosion upon immersion in an acid is markedly reduced in the samples having the alloy composition 
within the scope of the present invention compared to those of the comparative examples. 

As apparent from the results, the Fe-Cr based alloy (5 ^ Cr ^ 60) having a total content of C, N, O. P 
and S of up to 100 ppm and a content of at least one member selected from Cu, Ni and Co in the range of 
0.01 wt% ^ Ni + Co + 2Cu S 6 wt% has an improved acid resistance. 

In addition, as apparent from the results, the alloy further comprising at least one member selected 
from Ti, Nb. Zr, V. Ta, W and B in a content in the range of of 0.01 wt% £ Ti + Nb + Zr + V + Ta + W 
+ 508 S 6.0 wt% has a further improved acid resistance. 

(Example 3) Alloys 13 to 26 of the invention and Comparative alloys 10 to 12 corresponding to Claim 7 

Alloys having the chemical compositions shown in Table 1 were prepared in an ultra high-vacuum 
melting furnace of 10"^ Torr or less from an ultra high-purity electrolytic iron, an electrolytic Cr and other 
high-purity metal materials. 

The alloy materials were heated to about 1.200'C and hot rolled into plates of about 5 mm thick, and 
finally, cold rolled to a thickness of 1.0 to 2.0 mm. The plates were further annealed at 500 to 1,100°C for 
recrystallization and particle size adjustment. 

Test samples were cut out of the thus prepared alloy materials for tensile tests at room temperature 
and at an elevated temperature in accordance with Japanese Industrial Standard (The tensile test at room 
temperature was carried out in accordance with JIS 5, and the tensile test at an elevated temperature was 
carried out in accordance with JIS G 0567 at 900 * C). 

The samples were also subjected to an oxidation test wherein the samples were heated in an electric 
furnace open to atmosphere to 1.350 K for 12 hours, and cooled by air to room temperature, and measured 
for their weight loss after scale removal. The thus evaluated weight loss was used as an index for their 
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oxidation resistance. The test results are shown in Table 2. The results in Table 2 reveal that the oxidation 
resistance is markedly improved in the samples having the alloy composition within the scope of the 
present invention compared to those of the comparative examples. 

(Example 4) Alloys 27 to 29 of the invention corresponding to Claim 8 

Alloys having the chemical compositions shown in Table 1 were prepared in an ultra high-vacuum 
melting furnace of 10~^ Torr or less from an ultra high-purity electrolytic iron, an electrolytic Cr and other 
high-purity metal materials. 

The alloy materials were heated to about 1.200 'C and hot rolled into plates of about 5 mm thick, and 
finally, cold rolled to a thickness of 1.0 to 2.0 mm. The plates were further annealed at 500 to 1,100 'C for 
recrystaflization and particle size adjustment. 

The thus prepared test samples were then subjected to (1) a corrosion test wherein the samples are 
immersed in 5% HCI at 40 'C; (2) a corrosion test wherein the samples are Immersed in 40% H2SO* at 
50 -C; and (3) a high-temperature tensile test at 900 "C by repeating the procedure of the above-described 
examples. 

The results were also evaluated in a similar manner. The results are shown in Table 2. The results clearly 
reveal that the test samples having the alloy composition within the scope of the present invention have 
excellent properties. 

(Increase in elongation and decrease in proof stress) 

The test samples obtained in all of the above-described examples were evaluated for their increase in 
elongation and decrease in proof stress (yield strength). The increase in elongation (%) and the decrease in 
proof stress (yield strength) (N/mm^) indicate difference in respective tensile properties from the alloy 
having the (C + N + O + S + P) of 500 ppm. 

The tensile properties used for such calculation are: 

Fe - 1 8% Cr; C + N + O + S + P = 500 ppm 

elongation: 30% 

proof stress: 330 N/mm^ 

Fe - 30% Cr; C + N + O + S + P = 500 ppm 

elongation: 25% 

proof stress: 450 N/mm^ 
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Table 1 (2) 
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Table 1 (3) 
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Table ^ (4) 
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Table 1 (5) 
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Table 1 (6) 
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Table 1 (7) 
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Table 2(1) 
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55 Industrial Utility 

Fe-Cr alloys of improved workability and high-temperature strength having excellent acid resistance 
and'or oxidation resistance are provided. Such Fe-Cr alloys may be suitably utilized in such applications as 
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automobile exhaust pipes. 
[C] Inventions of category C 

The present invention is hereinafter described in further detail by referring to the Examples. 
{Example 1) Alloys 1 to 10 of the invention and Comparative alloys 1 to 7 corresponding to Claims 9 and 10 

Alloys having the chemical compositions shown in Table 1 were prepared by melting and casting the 
materials in a 10 kg vacuum melting furnace, and the alloys were hot rolled into hot roiled plates of 4 mm 
thick. The plates were further subjected to recrystallization annealing, descaling, and cold rolling to produce 
cold rolled plates of 0.7 mm thick. Finally, the plates were subjected to a recrystallization annealing to 
produce annealed cold rolled plates. 

The resulting alloy plates were subjected to the tests as described below. 

(Workability) 

Alloys 1 and 6 of the invention and Comparative alloys 1 and 6 were subjected to a tensile test 
according to JIS Z-2241 to evaluate for their elongation. The plates were also subjected to a bend test by 
tightly folding to 180* in C direction after cold rolling to 50%. After the bend test, the plates were examined 
for cracks, and evaluated in accordance with the following criteria: 
O: no crack, 
A: minute cracks, and 
X: large cracks. 
The results are shown In Table 2. 

As apparent from the results, no cracks were observed upon complete bending in C direction after 50% 
cold rolling when the C, N, O, P and S were reduced to a total content of 100 ppm or less, while the alloy 
plates having a total content of C, N, O, P and S in excess of 100 ppm exhibited cracks, indicating their 
reduced workability. Similarly, when the elongation is compared among the alloy plates having equivalent 
Cr and Mo contents, the elongation is inferior to the extent of about 7 to 8% in the alloy plates having the 
total content of C, N, O, P and S in excess of 100 ppm. 

(Pitting resistance and acid resistance) 

Test pieces of Comparative alloy 2, and Alloys 1 and 7 of the invention were ground finished with 
Emery #500. The test pieces were then evaluated for their pitting resistance by immersing in an aqueous 
solution of (2% FeCb + 1/20 HCI) at 30 'C for 4 hours, and measuring their weight loss caused by the 
corrosion to thereby calculate their corrosion rate. The test pieces were also evaluated for their acid 
resistance by immersing in a 0.1 % by weight aqueous solution of HCI for 4 hours and measuring their 
weight loss caused by the corrosion to thereby calculate their corrosion rate. The results are shown in Table 
2. 

The above procedure was repeated to prepare test samples of Comparative alloy 5, and Alloys 10 and 
6 of the invention. The test samples were then evaluated for their pitting resistance by immersing in an 
aqueous solution of (5% FeCb + 1/20 N HCI) at 30 " C for 4 hours, and measuring their weight loss caused 
by the corrosion to thereby calculate their corrosion rate. The test samples were also evaluated for their 
acid resistance by immersing in a 0.3 % by weight aqueous solution of HCI for 4 hours and measuring their 
weight loss caused by the corrosion to thereby calculate their corrosion rate. The results are shown in Table 
2. 

The above procedure was repeated to prepare test samples of Comparative alloy 4, and Alloys 4 and 5 
of the invention. The test samples were then evaluated for their pitting resistance by immersing In an 
aqueous solution of (5% FeCb + 1/20 N HCI) at 30 'C for 4 hours, and measuring their weight loss caused 
by the corrosion to thereby calculate their corrosion rate. The test samples were also evaluated for their 
acid resistance by immersing in a 0.3 % by weight aqueous solution of HCI for 4 hours and measuring their 
weight loss caused by the corrosion to thereby calculate their corrosion rate. The results are shown in Table 
2. 

The above procedure was repeated to prepare test samples of Comparative alloy 3. and Alloys 2 and 8 
of the invention. The test samples were then evaluated for their pitting resistance by immersing in an 
aqueous solution of (5% FeCb + 1 '20 N HCI) at 80* C for 4 hours, and measuring their weight loss caused 
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by the corrosion to thereby calculate their corrosion rate. The test samples were also evaluated for their 
acid resistance by imnnersing in a 5 % by weight aqueous solution of HCI for 4 hours and measuring their 
weight loss caused by the corrosion to thereby calculate their corrosion rate. The results are shown in Table 

2. 

The above procedure was repeated to prepare test samples of Comparative alloy 7, and Alloys 3 and 9 
of the invention. The test samples were then evaluated for their pitting resistance by immersing in an 
aqueous solution of (10% FeCb + 1/20 N HCI) at 80 'C for 4 hours, and measuring their weight loss 
caused by the corrosion to thereby calculate their corrosion rate. The test samples were also evaluated for 
their acid resistance by immersing in a 5 % by weight aqueous solution of HCI for 4 hours and measuring 
their weight toss caused by the corrosion to thereby calculate their corrosion rate. The results are shown in 
Table 2 

The above results reveal that the pitting resistance may be markedly improved by the inclusion of Mo 
in an amount within the range of the present invention, and that the acid resistance may be additionally 
improved by the inclusion of the Ni, Co and Cu in an amount within the range of the present invention. 

(Example 2) Alloys 11 to 25 of the invention and Comparative alloys 8 to 11 corresponding to Claim 11 

Alloys having the chemical compositions shown in Table 1 were prepared in an ultra high-vacuum 
melting furnace of 10~^ Torr or less from an ultra high-purity electrolytic iron, an electrolytic Cr and other 
high-purity metal materials. 

The alloy materials were heated to about 1 ,200 • C and hot rolled into plates of about 5 mm thick, and 
finally, cold rolled to a thickness of 1.0 to 2.0 mm. The plates were further annealed at 500 to 1,100 'C for 
recrystallization and particle size adjustment. 

Test samples were cut out of the thus prepared alloy materials for tensile tests at room temperature 
and at an elevated temperature in accordance with Japanese Industrial Standard (The tensile test at room 
temperature was carried out in accordance with JIS 5, and the tensile test at an elevated temperature was 
carried out in accordance with JIS G 0567). 

The alloy materials of the Table 1 prepared in an ultra high-vacuum furnace from high-purity metals 
were also subjected to an oxidation test wherein the alloy materials were heated in an electric furnace open 
to atmosphere to 1,350 K for 12 hours, and cooled by air to room temperature, and measured for their 
weight loss after scale removal. The thus evaluated weight loss was used as an index for their oxidation 
resistance. The results are shown in Table 2. 

The results reveal that the oxidation resistance may be significantly improved by the inclusion of either 
or both of Al, Si and Mn; or Ca, Mg and REM in an amount within the range of the present invention. 

(Example 3) Alloys 26 and 27 of the invention corresponding to Claim 12 

Alloys having the chemical compositions shown in Table 1 were prepared in an ultra high-vacuum 
melting furnace of 10~^ Torr or less from an ultra high-purity electrolytic iron, an electrolytic Cr and other 
high-purity metal materials. 

The alloy materials were heated to about 1 ,200 * C and hot rolled into plates of about 5 mm thick, and 
finally, cold rolled to a thickness of 1.0 to 2.0 mm. The plates were further annealed at 500 to 1,100 'C for 
recrystallization and particle size adjustment. 

The test samples were then evaluated for their acid resistance and oxidation resistance. The results 
clearly reveal that the test samples of the present invention have excellent properties. 

The test results are shown in Table 2. 

(Increase in elongation and decrease in proof stress) 

The test samples obtained in all of the above-described examples were evaluated for their increase in 
elongation and decrease in proof stress (yield strength). The increase in elongation (%) and the decrease in 
proof stress (yield strength) (N/mm^) indicate difference in respective tensile properties from the alloy 
having the (C + N + O + S + P) of 500 ppm. 

The tensile properties used for such calculation are: 

Fe - 1 8% Cr; C + N + O + S + P = 500 ppm 

elongation: 30% 

proof stress: 330 N-mm^ 

Fe - 30% Cr; C + N + O + S + P = 500 ppm 
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elongation: 25% 

proof stress: 450 N/rnm^ 
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Table 1 (2) 
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Table 1 (3) 
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Table 1 {A) 
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Table 2 ( 1 ) 
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Table 2 (2) 
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Industrial Utility 

The alloys according to the present invention have excellent acid resistance and'or oxidation resistance 
in addition to improved workability and pitting resistance, and therefore, may be suitably utilized m such 
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applications as automobile exhaust pipes. 
[D] Inventions of category D 

The present invention is hereinafter described in further detail by referring to the Examples. 
(Example 1) 

Alloys having the chemical compositions shown in Table 1 were prepared by melting and casting the 
materials in a 10 kg vacuum melting furnace, and the alloys were hot rolled into hot rolled plates of 4 mm 
thick. The plates were further subjected to recrystallization annealing, descaling, and cold rolling to produce 
cold rolled plates of 0.7 mm thick. Finally, the plates were subjected to a recrystallization annealing to 
produce annealed cold rolled plates. 

The resulting alloy plates were subjected to the tests as described below. 

(Workability) 

Alloys 1 and 2 of the invention and Comparative alloys 1 and 2 were subjected to a tensile test 
according to JIS Z-2241 to evaluate for their elongation. The plates were also subjected to a bend test by 
tightly folding to 180' in C direction after cold rolling to 50%. After the bend test, the plates were examined 
for cracks, and evaluated in accordance with the following criteria: 

O: no crack, 

A: minute cracks, and 

X: large cracks. 
The results are shown in Table 2. 

As apparent from the results, no cracks were observed upon complete bending in C direction after 50% 
cold rolling when the C, N, O, P and S were reduced to a total content of 100 ppm or less, while the alloy 
plates having a total content of C. N. O, P and S in excess of of 100 ppm exhibited cracks, indicating their 
reduced workability. Similarly, when the elongation is compared among the alloy plates having equivalent 
Cr and Mo contents, the elongation is inferior to the extent of about 5 to 6% in the alloy plates having the 
total content of C, N. O, P and S in excess of 100 ppm. 

(Pitting resistance and intergranular corrosion resistance) 

Test pieces were ground finished with Emery #500. The test pieces were then evaluated for their pitting 
resistance by immersing in aqueous solutions of FeCh + HCI shown in Table 2 for 4 hours, and measuring 
their weight loss caused by the corrosion to thereby calculate their corrosion rate. The test pieces were also 
evaluated for their intergranular corrosion resistance by subjecting the test pieces to TIG welding (bead on), 
sulfuric acid-copper sulfate test according to JIS G-0572, and weld zone bend test (r = 2t, bending to 
ISO"), and examining the test pieces for the presence or the absence of cracks. 

O: no crack, 

A: minute cracks, and 

X: large cracks. 
The results are shown in Table 2. 

(Intergranular corrosion resistance and acid resistance) 

Test samples were prepared by repeating the above-described procedure, and the test samples were 
evaluated for their intergranular corrosion resistance by the same procedure as described above. The test 
samples were also evaluated for their acid resistance by immersing in aqueous HCI solutions shown in 
Table 2 for 24 hours and measuring their weight loss caused by the corrosion to thereby calculate their 
corrosion rate. The results are shown in Table 2. 

(Oxidation resistance) 

The oxidation test was carried out by heat treating the test samples in air at 1350'K for 12 hours, and 
descaling the heat treated samples. The samples were then weighed to determine their weight loss. 
The results are shown in Table 2. 
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(Increase in elongation and decrease in proof stress) 

The resulting test samples were evaluated for their increase in elongation and decrease in proof stress 
(yield strength). The increase in elongation (%) and the decrease in proof stress (yield strength) (N/mm^) 
indicate difference in respective tensile properties from the alloy having the (C + N + O + S + P) of 500 
ppm. 

The tensile properties used for such calculation are: 
Fe - 18% Cr; C + N + O + S + P = 500 ppm 
elongation: 30% 
proof stress: 330 N/mm^ 

Fe - 30% Cr:C + N + 0 + S + P = 500 ppm 

elongation; 25% 

proof stress: 450 N/mm^ 

The above results reveal that the pitting resistance may be markedly improved by the inclusion of Mo 
in an amount within the range of the present invention, and that the intergranular corrosion resistance in the 
weld zone may be improved by the inclusion of Tl, Nb, V, Ta, W, Zr. and/or B in an adequate amount. 
Furthermore, the above results reveal that the acid resistance may be significantly improved by the 
inclusion of the Ni, Co and/or Cu in an adequate amount. Still further, the above results reveal that the 
oxidation resistance may be significantly improved by the inclusion in an adequate amount of at least one 
member selected from Si. Mn and Al; and/or at least one member selected from Ca. Mg and REM. 
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Table 1 {2) 
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Table 1 (3) 
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Table 1 (4) 
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Table 1 (5) 
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Table 1 (6) 
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Table 2 (1 ) 
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Table 2 (2) 
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Table 2 (3) 
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Table 2 (4) 
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Table 2 (5) 
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Table 2 (6) 
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Industrial Utility 

The Fe-Cr alloys according to the present invention containing C, N, O, P and S in a total amount of 
100 ppm or less and a predetermined amount of Mo and at least one member selected from Ti, Nb. Zr, V. 
55 Ta. W and B have excellent workability as well as significantly improved pitting resistance and weld zone 
corrosion resistance {intergranular corrosion resistance). 

The Fe-Cr alloys further comprising a predetermined amount of at least one member selected from Ni, 
Cu and Co has a significantly improved actd resistance in addition to the above-mentioned properties. 
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Further addition of at least one member selected from Si, Mn and Al and/or at least one member 
selected from Ca, Mg and REM results in an improved oxidation resistance. The resulting alloy plates are 
useful in a wide varieties of applications. 

5 Claims 

1. An Fe-Cr al!oy having an excellent workability characterized in that the alloy comprises 3 to 60% by 
weight of Cr; and 100 ppm or less in total content of C. N, O, P and S; the balance being Fe and 
inevitable impurities. 

10 

2. An Fe-Cr alloy having excellent workability and acid resistance characterized in that the alloy comprises 
5 to 60% by weight of Cr; 100 ppm or less in total content of C, N, O, P and S; and at least one 
member selected from Ni, Co and Cu at a content that meets the following relation (1): 

75 0.01 wt % ^ Ni + Co + 2Cu S 6 wt% (1); 

the balance being Fe and inevitable impurities. 

3. An Fe-Cr alloy having excellent workability and oxidation resistance characterized in that the alloy 
20 comprises 3 to 60% by weight of Cr; 100 ppm or less in total content of C, N, O. P and S; and at least 

one member selected from Si, Mn and Al at a content that meets the following relation (2): 

0.1 wt% ^ 3AI + 2Si + Mn S 50 wt% (2), 

25 and/or at least one member selected from Ca, Mg and rare earth metals (REM) at a content that meets 

the following relation (3): 

0.001 wt% g 4Ca + 4Mg + REM £ 0.2 wt% (3); 
30 the balance being Fe and inevitable impurities. 

4. An Fe-Cr alloy having excellent workability, acid resistance, and oxidation resistance characterized in 
that the alloy comprises 5 to 60% by weight of Cr; 100 ppm or less in total content of C, N, O, P and S; 
at least one member selected from Ni. Co and Cu at a content that meets the following relation (1): 

35 

0.01 wt % ^ Ni + Co + 2Cu £ 6 wt% (1); 

and at least one member selected from Si, Mn and Al at a content that meets the following relation (2): 

40 0.1 wt% ^ 3AI + 2Si + Mn S 50 wt% (2), 

and/or at least one member selected from Ca, Mg and rare earth metals (REM) at a content that meets 
the following relation (3): 

45 0.001 wt% g 4Ca + 4Mg + REM ^ 0.2 wt% (3); 

the balance being Fe and inevitable impurities. 

5. An Fe-Cr alloy having excellent workability and high-temperature strength characterized in that the alloy 
50 comprises 3 to 60% by weight of Cr; 100 ppm or less in total content of C, N, O, P and S; and at least 

one member selected from Ti, Nb, Zr, V, Ta, W and B at a content that meets the following relation (1): 

0.01 wt % 5 Ti + Nb + Zr + V + Ta + W + SOB 5 6 wt% (1); 
55 the balance being Fe and inevitable impurities. 

6. An Fe-Cr alloy having excellent workability, high-temperature strength, and acid resistance character- 
ized in that the alloy comprises 5 to 60% by weight of Cr; 100 ppm or less in total content of C. N. O, 
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P and S; at least one member selected from Ti, Nb, Zr, V, Ta, W and B at a content that meets the 
following relation (1 ): 

0.01 wt % 5 Ti + Nb + Zr + V + Ta + W + SOB £ 6 wt% (1); 

and at least one member selected from Ni, Co and Cu at a content that, meets the following relation 
<2): 

0.01 wt % ^ Ni + Co + 2Cu £ 6 wt% (2); 

the balance being Fe and inevitable impurities. 

7. An Fe-Cr alloy having excellent workability, high-temperature strength, and oxidation resistance char- 
acterized in that the alloy comprises 3 to 60% by weight of Cr; 100 ppm or less in total content of C, N, 
O, P and S; at least one member selected from Ti, Nb, Zr, V. Ta, W and B at a content that meets the 
following relation (1): 

0.01 wt % S Ti + Nb + Zr + V + Ta + W + SOB S 6 wt% (1); 

and at least one member selected from Al, Si and Mn at a content that meets the following relation (3): 
0.1 wt% £ 3AI + 2Si + Mn $ 50 wt% (3), 

and/or at least one member selected from Ca, Mg and rare earth metals (REM) at a content that meets 
the following relation (4): 

0.001 wt% % 4Ca + 4Mg + REM 5 0.2 wt% (4); 

the balance being Fe and inevitable impurities. 

a An Fe-Cr alloy having excellent workability, high-temperature strength, acid resistance, and oxidation 
resistance characterized in that the alloy comprises 5 to 60% by weight of Cr; 100 ppm or less in total 
content of C, N, O. P and S; at least one member selected from Ti, Nb, Zr, V, Ta, W and B at a content 
that meets the following relation (1 ): 

0.01 wt % 5 Ti + Nb + Zr + V + Ta + W + SOB S 6 wt% (1); 

at least one member selected from Ni, Co and Cu at a content that meets the following relation (2): 
0.01 wt % £ Ni + Co + 2Cu 5 6 wt% (2); 

and at least one member selected from Al. Si and Mn at a content that meets the following relation (3); 
0.1 wt% £ 3AI + 2Si + Mn 5 50 wt% (3), 

and/or at least one member selected from Ca. Mg and rare earth metals (REM) at a content that meets 
the following relation (4): 

0.001 wt% ^ 4Ca + 4Mg + REM ^ 0.2 wt% (4); 
the balance being Fe and inevitable impurities. 

9. An Fe-Cr alloy having excellent workability and pitting resistance characterized in that the alloy 
comprises 5 to 60% by weight of Cr; 100 ppm or less in total content of C, N, 0. P and S; and 0.5 to 
20% by weight of Mo; the balance being Fe and inevitable impurities. 

10. An Fe-Cr alloy having excellent workability, pitting resistance, and acid resistance characterized in that 
the alloy compnses 5 to 60% by weight of Cr; 100 ppm or less in total content of C, N. 0, P and S: 0.5 
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to 20% by weight of Mo; and at least one nnennber selected from Ni. Cu and Co at a content that meets 
the following relation (1): 

0.01 wt % £ Ni + Co + 2Cu S 6 wt% (1); 

5 

the balance being Fe and inevitable impurities. 

11. An Fe-Cr alloy having excellent workability, pitting resistance, and oxidation resistance characterized in 
that the alloy comprises 5 to 60% by weight of Cr; 100 ppm or less in total content of C. N, O, P and S; 

10 0.5 to 20% by weight of Mo; and at least one member selected from Al. Si and Mn at a content that 
meets the following relation (2): 

0.1 wt% ^ 3AI + 2Si + Mn ^ 50 wt% (2), 

75 and/or at least one member selected from Ca, Mg and rare earth metals (REM) at a content that meets 
the following relation (3); 

0.001 wt% £ 4Ca + 4Mg + REM S 0.2 wt% (3); 
20 the balance being Fe and inevitable impurities. 

12. An Fe-Cr alloy having excellent workability, pitting resistance, acid resistance, and oxidation resistance 
characterized in that the alloy comprises 5 to 60% by weight of Cr; 100 ppm or less in total content of 
C, N, O, P and S; 0.5 to 20% by weight of Mo; at least one member selected from Ni, Cu and Co at a 

25 content that meets the following relation (1): 

0.01 wt % S Ni + Co + 2Cu £ 6 wt% (1); 

and at least one member selected from Al, Si and Mn at a content that meets the following relation (2): 

30 

0.1 wt% £ 3AI + 2Si + Mn £ 50 wt% (2), 

and/or at least one member selected from Ca, Mg and rare earth metals (REM) at a content that meets 
the following relation (3): 

35 

0.001 wt% S 4Ca + 4Mg + REM ^ 0.2 wt% (3); 

the balance being Fe and inevitable impurities. 

40 13, An Fe-Cr alloy having excellent workability, pitting resistance, and weld corrosion resistance character- 
ized in that the alloy comprises 5 to 60% by weight of Cr; 100 ppm or less in total content of C, N, O. 
P and S; 0.5 to 20% by weight of Mo; and at least one member selected from Ti, Nb, Zr, V, Ta, W and 
B at a content that meets the following relation (1): 

45 0.01 wt % ^ Ti + Nb + Zr + V + Ta + W + 50B £ 1.0 wt% (1); 

the balance being Fe and inevitable impurities. 

14. An Fe-Cr alloy having excellent workability, pitting resistance, weld corrosion resistance, and acid 
50 resistance characterized in that the alloy comprises 5 to 60% by weight of Cr; 100 ppm or less in total 

content of C, N. O, P and S; 0.5 to 20% by weight of Mo; at least one member selected from Ti, Nb, 
Zr, V, Ta, W and B at a content that meets the following relation (1); 

0.01 wt % 5 Ti + Nb + Zr + V + Ta + W + 508 S 10 wt% (1); 

55 

and at least one member selected from Ni, Cu and Co at a content that meets the following relation (2); 
0.01 wt % 5 Ni + Co + 2Cu S 6 wt% (2); 



84 



EP 0 597 129 A1 



the balance being Fe and inevitable impurities. 

15- An Fe-Cr alloy having excellent workability, pitting resistance, weld corrosion resistance, and oxidation 
5 resistance characterized in that the alloy comprises 5 to 60% by weight of Cr; 100 ppm or less in total 

content of C, N. O, P and S; 0.5 to 20% by weight of Mo; at least one member selected from Ti, Nb, 
Zr, V, Ta. W and B at a content that meets the following relation (1): 

0.01 wt % i Ti + Nb + Zr + V + Ta + W + 50B ^ 1.0 wt% (1); 

70 

and at least one member selected from Si, Mn and Al at a content that meets the following relation (3): 

0.1 wt% ^ 3AI + 2Si + Mn 5 50 wt% (3), 

15 and/or at least one member selected from Ca, Mg and rare earth metals (REM) at a content that meets 

the following relation (4): 

0.001 wt% ^ 4Ca + 4Mg + REM 5 0.2 wt% (4); 

20 the balance being Fe and inevitable impurities. 

16. An Fe-Cr alloy having excellent workability, pitting resistance, weld corrosion resistance, acid resis- 
tance, and oxidation resistance characterized in that the alloy comprises 5 to 60% by weight of Cr; 100 
ppm or less in total content of C, N, O, P and S; 0.5 to 20% by weight of Mo; at least one member 
25 selected from Ti, Nb, Zr, V, Ta, W and B at a content that meets the following relation (1): 

0.01 wt % ^ Ti + Nb + Zr + V + Ta + W + SOB S 1.0 wt% (1); 

at least one member selected from Ni. Cu and Co at a content that meets the following relation (2): 

30 

0.01 wt % £ Ni + Co + 2Cu S 6 wt% (2); 

and at least one member selected from Si, Mn and Al at a content that meets the following relation (3): 

36 0.1 wt% ^ 3AI + 2Si + Mn S 50 wt% (3), 

and/or at least one member selected from Ca, Mg and rare earth metals (REM) at a content that meets 
the following relation (4): 

40 0.001 wt% £ 4Ca + 4Mg + REM ^ 0.2 wt% (4); 

the balance being Fe and inevitable impurities. 
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FIG. 1 
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FIG. 3 



IMMERSION IN 5%HCI AT 40^C FOR 24hr 
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IMMERSION IN 5%HCI AT 40"'C FOR 24hr 
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FIG. 7 




0' ' ^ 1 1 1 I I I 

0.01 0.05 0.1 0.5 1 5 10 50 100 

3A£+2Si + Mn (wt%) 



92 



EP 0 597 129 A1 



F I G. 8 




93 



EP 0 597 129 A1 




94 



BP 0 597 129 A1 



FIG. 10 
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FIG. 11 
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FIG. 12 



IMMERSION IN 5%HCI AT 40"*C FOR 24hr 
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FIG. 13 
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FIG. 14 



IMMERSION IN 5%HCI AT 40X FOR 24hr 
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FIG. 15 
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FIG. 16 
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FIG. 17 
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FIG. 18 
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FIG. 19 
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FIG. 2 0 
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FIG. 2 1 
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FIG. 2 2 
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FIG. 2 3 
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FIG. 2 5 
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FIG. 2 6 
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FIG. 2 7 
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FIG. 2 8 
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